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ABSTRACT
The p u r p o s e  o f  t h i s  s t u d y  w a s :  ( 1 )  t o  d e m o n s L ra t e  t h e  p r e s e n c e  
and exam ine  t h e  f u n c t i o n  o f  p he rom one  c o m m u n ic a t io n  i n  t h e  c o u r t s h i p  
b e h a v i o r  o f  t h e  b l u e  c r a b ,  C a l l l o e c t e s  s a p i d u s ; ( 2 ) t o  l o c a l i z e  t h e  
c h e m o r e e e p t o r s  m e d i a t i n g  p h e ro m o n e  r e c e p t i o n ;  and  (3)  Lo c h a r a c t e r i z e  
t h e s e  r e c e p t o r s  b o t h  m o r p h o l o g i c a l l y  and  p h y s i o l o g i c a l l y .
B e h a v i o r a l  s t u d i e s  I n d i c a t e d  t h e  p r e s e n c e  oT a phorotnnne i n  th e  
u r i n e  o f  p r u -  and  p o s t - p u b e r t a l  m o l t  f e m a l e s  w h ic h  r e l e a s e s  c o u r t s h i p  
b e h a v i o r  i n  m a t u r e  m a l e s .  H a l e s  d e t e c t  t h i s  c h e m i c a l  s i g n a l  p r i m a r i l y  
v i a  r e c e p t o r s  on t h e  o u t e r  f l a g e l l a  o f  t h e  a n t o n n u l o s .  R e l a t i v e  t o  
o t h e r  s e n s o r y  i n f o r m a t i o n  t l ie  phe rom one  o f  p u b e r t a l  f e m a le s  i s  o f  key 
i m p o r t a n c e  i n  i n i t i a t i n g  t h e  m a l e ’ s c o u r t s h i p  b e h a v i o r .  T h e r e  was  no 
e v i d e n c e  t o  i n d i c a t e  t h a t  m a le s  a r e  a t t r a c t e d  t o  p u b e r t a l  r e m a l e s  by 
t h i s  pheromune o r  o t h e r  c h e m i c a l  s t i m u l i ;  h o w e v e r ,  c h e m ic a l  I n f o r m s ^  
t i o n  may be  u s e d  by p u b e r t a l  f e m a l e s  t o  l o c a t e  m a l e s .
The a c t i v e  m a t e r i a l  i n  u r i n e  s a m p l e s  from p u b e r t a l  f e m a l e s  was 
found  t o  be s t a b l e  upon  h e a t i n g  a t  95°C f o r  f i v e  m i n u t e s  and  a f t e r  
f r e e z i n g  ( -2 0 ° C )  f o r  up t o  11 m o n t h s .
D i s s e c t i o n  and  h i s t o l o g i c a l  s t u d i e s  r e v e a l e d  t h a t  t h e  a n t e n n u l a r  
n e r v e  i s  c o m p r i s e d  o f  t h r e e  m a j o r  axon  b u n d l e s .  Two o f  t h e s e  a r e  
l a r g e l y  d e r i v e d  from p r i m a r y  s e n s o r y  n e u r o n s  i n n e r v a t i n g  t h e  a e s t h e t a s c  
s e t a e  o f  t h e  o u t e r  f l a g e l l u m ;  w h e r e a s ,  t h e  t h i r d  m a jo r  b r a n c h  c o n t a i n s  
s e n s o r y  axons  d e r i v e d  from r e c e p t o r s  a s s o c i a t e d  w i t h  t h e  i n n e r  f l a g e l -  
lum.
U s i n g  i s o l a t e d ,  p e r f u s e d  a n t e n n u l e s  f rom  m a le  c r a b s ,  e x t r a c e l l u l a r  
r e c o r d i n g s  w ere  made f rom  s e n s o r y  a x o n s  w i t h i n  t h e  a n t e n n u l a r  n e r v e .  
Both m echano -  and  c h e m o s e n s o r y  u n i t s  w e re  found  i n  t h e  m a j o r  b u n d l e  
a r i s i n g  From t h e  i n n e r  f l a g e l l u m ;  h o w e v e r ,  no a c t i v i t y  c o u l d  be d e t e c t ­
ed i n  t h e  a xon  b u n d l e s  from t h e  o u t e r  f l a g c l l u m .  Most o f  t h e  chemo- 
r e c e p t o r s  m o n i t o r e d  w i t h i n  t h e  b u n d l e  From t h e  i n n e r  f l a g e l l u m  d i d  
n o t  e x h i b i t  s p e c i f i c i t y  when s t i m u l a t e d  wlLh u r i n e  from p u b e r t a l  f e ­
m a le s  a n d  a p p r o p r i a t e  c o n t r o l  u r i n e s .
The e x t e r n a l  m o rp h o lo g y  o f  t h e  o u t e r  f l a g e l l u m  was exam in ed  u s i n g  
s c a n n i n g  e l e c t r o n  m i c r o s c o p y .  T h e s e  s t u d i e s  r e v e a l e d  t h a t  t h e  a e s t h e ­
t a s c  s e t a e  a r e  t h e  p r e d o m i n a n t  s e n s o r y  s t r u c t u r e s  on Lhis  f l a g e l l u m .
No c o n s p i c u o u s  s e x u a l  d im o r p h i s m  was  o b s e r v e d .  G iv en  th e  p r e s e n t  
u n d e r s t a n d i n g  o f  t h e  f u n c t i o n  o f  a e s t h e t a s c s  a s  " d i s t a n c e "  c h e m o r e c e p -  
t o r s  i t  i s  p r o b a b l e  t h a t  t h e s e  s e t a e  m e d i a t e  t h e  pheromone r e c e p t i o n .
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INTRODUCTION
Tlie i m p o r t a n c e  o f  c o m m u n ic a t io n  v i a  c h e m i c a l  s i g n a l s  i n  a l l  m a jo r  
a n i m a l  p h y l a  h a s  o n ly  r e c e n t l y  b e e n  f u l l y  a p p r e c i a t e d  a s  a n  i n c r e a s i n g  
number o f  s t u d i e s  r e v e a l  t h e  p r e s e n c e  and  s i g n i f i c a n c e  o f  t h i s  mode o f  
i n t e r a c t i o n  b e tw e e n  o r g a n i s m s  ( b i r c h  1 9 7 4 j C h e a l  and S p r o t t  1971 \ 
J o h n s t o n  e t  a l ,  1970;  S h o r e y  1 9 7 6 ) .  The i n s e c t s  r e p r e s e n t  t h e  most  
i n t e n s i v e l y  s t u d i e d  g r o u p  i n  t h i s  r e g a r d ,  p a r t i c u l a r l y  t h e  s o c i a l  
i n s e c t s  w he re  c h e m i c a l  m e s s a g e s  a r e  e x t e n s i v e l y  u t i l i s e d  t o  c o o r d i n a t e  
n e a r l y  a l l  f a c e t s  o f  t h e i r  i n t e g r a t e d  b e h a v i o r  (Blum 1 9 7 0 ,  L974; 
J a c o b s o n  1 9 7 2 ;  Shorey  1 9 7 3 ) .  I t  h a s  become i n c r e a s i n g l y  e v i d e n t ,  
how ever ,  t h a t  f o r  moat  a n i m a l s  c o m m u n i c a t i o n  v i a  c h e m i c a l  i n f o r m a t i o n  
i s  more i m p o r t a n t  t h a n  any  o t h e r  c o m m u n i c a t i o n  m o d a l i t y .  I n  Blum’s 
(1974) r e v i e w  d e a l i n g  w i t h  i n s e c t s  h e  s t a t e d ,  " t h e  ro a d  t o  i n s e c t  
s o c i a l i t y  w as  paved  w i t h  p h e r o m o n e s . "  S h o r e y  ( 1 9 7 6 )  h a s  s u g g e s t e d  
t h a t ,  " a l t h o u g h  t h e r e  a r e  many e x c e p t i o n s ,  I lium’ s s t a t e m e n t  s h o u l d  be 
expanded  t o  i n c l u d e  much o f  t h e  a n i m a l  k i n g d o m . "
The t e r m  "pherom one"  was  f i r s t  i n t r o d u c e d  b y  K a r l s o n  a n d  LtfBcher 
(1 9 5 9 ) .  I t  i s  d e f i n e d  a s  a  c h e m i c a l  m e s s a g e  w h ic h  i s  s e c r e t e d  by an 
i n d i v i d u a l  o f  a s p e c i e s  and  a c t s  t o  e v o k e  a  p a r t i c u l a r  r e s p o n s e  i n  t h e  
r e c e i v i n g  i n d i v i d u a l ( s )  o f  t h e  same s p e c i e s .  A c t i o n s  o f  pherom one  s i g ­
n a l s  have b e e n  c a t e g o r i z e d  a s  e i t h e r  r e l e a s e r  o r  p r i m e r  e f f e c t s  (Wilson 
and B o s s e r t  1 9 6 3 ) ,  The r e l e a s e r  e f f e c t  g e n e r a l l y  i n v o l v e s  an  im m ed ia te  
b e h a v i o r a l  r e s p o n s e  i n  t h e  r e c e i v e r  o r g a n i s m  ( e . g .  s e x  a t t r a c t a n t ) .
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3P r i m e r  e f f e c t s  i i r t  more l o n g  t e rm  w i t h  p h y s i o l o g i c a l  c h a n g e s  In t h e  
r e c e i v e r  ( e . g .  s u p p r e s s i o n  o f  o v a r y  d e v e l o p m e n t  In w o r k e r  h o n ey  b e e s  
v i a  a queen p h e ro m o n e ) .
C h e m ic a l ly  m e d i a t e d  I n t e r a c t i o n s  h a v e  a l s o  b e e n  f o u n d  i n  v a r i o u s  
I n t e r s p e c i f i c  r e l a t i o n s h i p s .  The s u b s t a n c e s  i n v o l v e d  h a v e  b e e n  Lerisied 
a l l e  loc l iem ies  , arid a r e  c l a s s i f i e d  a s  a l l o m o n e s ,  w h ic h  g i v e  a d a p t i v e  
a d v a n t a g e  to  t h e  p r o d u c i n g  o r g a n i s m ,  and k a i r o m o n e s  w h ich  a r e  a d a p t i v e  
t o  t h e  r e c e i v e r  ( W h i t t a k e r  and  Feeny  19 7 1 ) ,
I n  m a r ine  and  a q u a t i c  o r g a n i s m s  c h e m i c a l  E n f o r m a i l o n  i s  u s e d  In a 
v a r i e t y  of  f u n c t i o n a l  b e h a v i o r  c a t e g o r i e s  (M aek le  and G r a n t  1974 ;  
E a r d a c h  and Todd 1 9 7 0 ) ,  Exam ples  a r e  round  in  s u c h  phenomena a s  s e t t l e ­
ment o f  l a r v a e  ( C r i s p  1 974) ,  e p i d e m i c  s p a w n i n g  (Uoach ut a l ,  1975;  
G a l t s o f f  1 940 ) ,  hom in g  and t r a i l  f o l l o w i n g  (Cook 1971 ;  H a l l  1973;
E a s i e r  and Cooper  1 9 7 6 ) ,  a l a r m  (v o n  F r i s c h  193E; iiowe 1 9 7 6 ) ,  i n d i v i d u a l  
r e c o g n i t i o n  ( S e l b t  1973;  Todd e t  a l .  1 9 6 7 ) ,  m a t e r n a l  r e c o g n i t i o n  
( L i t t l e  1975) ,  h o s t  l o c a t i o n  (Ache and  D a v e n p o r t  1972 ;  Dimock and  
D a v e n p o r t  1971) ,  a n d  p r e d a t o r  a v o i d a n c e  ( F e d o r  1963;  D o e r i n g  1976;  
P h i l l i p s  1975) ,  Chem ica l  c u e s  h a v e  a l s o  b e e n  I m p l i c a t e d  i n  s e x  r e c o g ­
n i t i o n  and  m a t i n g  b e h a v i o r  Cor s e v e r a l  s p e c i e s  o f  f i s h  ( T a v o l g a  1976) 
and c r u s t a c e a n s .
T he  p r e s e n t  s t u d y  exam ines  t h e  r o l e  o f  c h e m i c a l  c o m m u n ic a t io n  in  
c o - u r i l l n a t  J ng t h e  r e p r o d u c t i v e  a c t i v i t i e s  o f  t h e  b l u e  c r a b ,  CaJ 1 L n e c te s  
s a p i  d u e . B e h a v i o r a l  a n a l y s e s  w ere  p e r f o r m e d  to  t e s t  f o r  t l ie  p r e s e n c e  
o f  a pheromone w h ic h  s e r v e s  t o  r e l e a s e  c o u r t s h i p  b e h a v i o r  in  t h e  m a le ;
Lo d e t e r m i n e  t h e  s i t e  of  pherom one  r e l e a s e  and  r e c e p t i o n ;  and t o  
c h a r a c t e r i z e  to  some e x t e n t  t h e  f u n c t i o n  o f  t h e  pherom one  r e l a t i v e  to  
o t h e r  s e n s o r y  i n f o r m a t i o n  In o r i e n t i n g  c o u r t s h i p  b e h a v i o r .  I n  a d d i t i o n ,
4e l e c t r o p h y s i o l o g i c a l  and  m o r p h o l o g i c a l  s t u d i e s  w ere  combined  w i t h  t h e  
b e h a v i o r a l  e x p e r i m e n t s  i n  an  a t t e m p t  t o  d e f i n e  t h e  c h e m o r e c e p t o r s  
i n v o l v e d  i n  t h i s  c o m m u n ic a t io n .
L i t e r a t u r e  Rev iew
A l t h o u g h  e a r l i e r  a c c o u n t s  had s u g g e s t e d  t h e  p r e s e n c e  o f  c h e m ic a l  
f a c t o r s  i n v o l v e d  i n  t h e  m a t i n g  b e h a v i o r  of  v a r i o u s  c r u s t a c e a n s  ( r e ­
v i e w e d  by T e y t a u d  1 9 7 1 ) ,  t h e  f i r s t  e x p e r i m e n t a l  d e m o n s t r a t i o n  o f  a s e x  
pheromone i n  t h i s  c l a s s  o f  a r t h r o p o d s  was c a r r i e d  o u t  by Ryan (1966)  
i n  t h e  c r a b ,  F o r [ u n u s  s a n g u l n c l e n t u s . S in c e  t h a t  s t u d y  o t h e r  
c r u s t a c e a n  s p e c i e s  h a v e  b e e n  r e p o r t e d  to  s e c r e t e  phe rom ones  i n v o l v e d  
w i t h  r e p r o d u c t i o n  (Ameyaw-Akumfi a n d  H a z l e t t  1 9 7 5 ;  A tenia a n d  E ng s t ro m  
1 9 7 1 ;  Dahl  e t  a l .  1970 ;  E a l o s  1974 ;  G le e s o n  1976 ;  G r i f f i t h s  and  F r o s t  
1976 ;  Hammoud e t  a l .  19 75;  K am lguch l  1972b; K a to n a  1973;  K i t t r e d g e  e t  
a l .  1971;  McLeese  1970 ,  1973 ;  R a j u l u  e t  a l .  1973 ;  Rudd and  Warren  
1976;  T a k a h a s h i  1 9 7 4 ) .
Ryan ( 1 9 6 6 )  d e m o n s t r a t e d  t h e  r e l e a s e  o f  a  c h e m i c a l  a g e n t  from p r e ­
m o l t  f e m a l e s  (P .  s a n g u i n o l e n t u a ) w h i c h  in d u c e d  c o u r t s h i p  d i s p l a y  and 
s e a r c h i n g  b e h a v i o r  i n  m a l e s .  T h i s  e f f e c t  was  s p e c i e s  s p e c i f i c  ( i . e . ,  
m a l e s  d i d  n o t  r e s p o n d  t o  p r e m o l r  f e m a l e s  o f  two o t h e r  p o r t u n i d  s p e c i e s ,  
T h a l a m i t a  c r e n a t a  and P o d o p h th a l m u s  v i g i l ) , and t h e  r e s p o n s e  c o u l d  be 
p r e v e n t e d  by b l o c k i n g  t h e  a n t e n n a l  g l a n d  p o r e s  o f  t h e  f e m a l e .
C h r i s t o f f e r s o n  (1970)  showed t h a t  t h e  pheromone was  p r e s e n t  i n  th e  
u r i n e  o f  t h e  p r e m o l t  f e m a l e  a a n g u i n o l e n t u s . a n d  a t t e m p t e d  t o  c h a r a c ­
t e r i s e  t h e  a c t i v e  s u b s t a n c e  c h e m i c a l l y .  M o l e c u l a r  w e i g h t  was  e s t i m a t e d  
a t  <1000 w i t h  a  n e t  p o s i t i v e  c h a r g e  b e tw e e n  pH 2 and  1 0 , 8 5 .  I n  
a d d i t i o n ,  C h r i s t o f f e r s o n  (1970)  f o u n d  t h a t  c h e m o r e c e p t o r s  on t h e
5a n t e n n u l e a  o f  m a tu re  ma les  showed an i n c r e a s e  i n  e l e c t r i c a l  a c t i v i t y  
when s t i m u l a t e d  w i t h  u r i n e  c o n t a i n i n g  th e  s e x  phe ro m o n e .
Ameyaw-Akurafi and H a z l e t t  ( 1 9 7 5 )  r e p o r t e d  d i f f e r e n t i a l  b e h a v i o r  
p a t t e r n s  i n  m a le  c r a y f i s h  (F ro c a m b a ru s  c l a r k i i ) t o w a r d s  c o n s p e c i f i c  
ma les  ( a g g r e s s i o n )  and f em a le s  ( c o u r t s h i p ) .  B e h a v i o r a l  t e s t s  w i t h  
w a t e r  In  w h ic h  t lie c r a y f i s h  had b e e n  h e l d  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  
s e x  phero tnoneB.  A n te n n u l e  a b l a t i o n  s t u d i e s  a n d  e l e c t r o a n t e n n u l o g r a m  
r e c o r d i n g s  i n d i c a t e d  r e c e p t i o n  o c c u r s  v i a  t h e  i n n e r  r a m i  o f  t h e s e  
a p p e n d a g e s .
McLeese (1970)  and  Atema a n d  Engs t rom ( 1 9 7 1 )  r e p o r t e d  i n  t h e  l o b ­
s t e r ,  Homarus a m e r l c a n u s , t h a t  r e s p o n s e s  o f  m a l e s  t o  m o l t e d  f e m a l e s  a r e  
s e x ^ p h e ro m o n e  m e d i a t e d .  L a t e r  s t u d i e s  (McLeese 1973) s u g g e s t e d  c h e m i c a l  
c o m m u n i c a t i o n  among l o b s t e r s  t o  be  more g e n e r a l ,  p o s s i b l y  i n v o l v i n g  
more t h a n  o n e  pheromone ,  A more r e c e n t  r e p o r t  (McLeese e t  a l .  1 9 7 7 )  
e xam ined  m a le  r e s p o n s e s  to  v a r i o u s  e x t r a c t s  o f  u r i n e  a n d  t a n k  w a t e r  i n  
which  m o l t e d  f e m a le  l o b s t e r s  w e r e  k e p t .  I n  a d d i t i o n ,  s e v e r a l  t i s s u e  
e x t r a c t s  w e r e  t e s t e d .  Based on t h e  b l o a s s a y  o f  r e c o m b i n e d  e x t r a c t  
f r a c t i o n s  w h ich  were  n o t  a c t i v e  a l o n e ,  th e  a u t h o r s  c o n c l u d e d  t h a t  t h e  
a c t i v e  m a t e r i a l  i s  p r o b a b ly  a m u l t i c o m p o n e n t  phe ro m o n e .
Rudd a n d  Warren (1976) d e s c r i b e d  a  ph e ro m o n e  i n  t h e  S o u th  A f r i c a n  
ro c k  l o b s t e r t J q a u s  l a l a n d i l , w h i c h  I n d u c e s  b e h a v i o r  p a t t e r n s  i n  
ma les  c h a r a c t e r i s t i c  o f  t h e i r  r e a c t i o n s  t o w a r d  f e m a l e s  i n  p r o e c d y s i s .  
A b s o r p t i o n  on ion  exchange  r e s i n  a n d  e x t r a c t i o n  w i t h  c h l o r o f o r m  w e r e  
two p r o c e d u r e s  s u c c e s s f u l l y  u s e d  i n  p r o d u c i n g  an  a c t i v e  c o n c e n t r a t e  
f rom w a t e r  i n  w h ich  f r e s h l y  m o l t e d  f e m a le s  w e r e  h e l d .
D ah l  e t  a l .  (1970) b e h a v i o r s l l y  i m p l i c a t e d  t h e  a c c r e t i o n  o f  a  s e x  
pherom one  by  f e m a le s  o f  t h e  a m p h ip o d ,  Gammarus d u e b e n i , and  d e m o n s t r a t e d
6Chat t r i t i u m - l a b e l e d  f e m a l e s  r e l e a s e d  m a t e r i a l  i n t o  t h e  w a t e r  w h ich  
was a d s o r b e d  t o  a h i g h  d e g r e e  on t h e  s e c o n d  a n t e n n a e  o f  m a l e s .  U s ing  
a u t o r a d i o g r a p h y ,  t h e  a d s o r b e d  s u b s t a n c e  was found  t o  be  l o c a l i z e d  i n  
and on t h e  c a l c e o l i ,  s t r u c t u r e s  w h ich  a r e  found  o n l y  i n  t h e  m a l e s  o f  
t h i s  s p e c i e s .  I n  two o t h e r  a m ph ipods  o f  t h i s  g e n u s ,  G. p u l e x  and 
G. f o s s a r u m , Hamnioud e t  a l .  (1975)  d e m o n s t r a t e d  t h a t  u r i n e  o f  a t t r a c ­
t i v e  f e m a le s  c o n t a i n s  t h e  s ox  pheromone w h ich  I n d u c e s  p r e c o p u l a t o r y  
b e h a v i o r  i n  m a l e s .  However,  t h e y  w e r e  u n a b l e  t o  d e t e c t  any b i o c h e m i c a l  
d i f f e r e n c e s  among t h e  u r i n e s  o f  m a l e s ,  a t t r a c t i v e  f e m a l e s ,  a n d  n o n -  
a t t r a c t i v e  f e m a l e s .
E v i d e n c e  f o r  s e x  pheromnnes  i n  copepods  was r e p o r t e d  by K a to n a
(1973) who d e s c r i b e d  m a t e - s e e k i n g  b e h a v i o r  t n  m a le s  o f  t h r e e  p l a n k t o n i c
s p e c i e s  (E u ry fem o ra  a f f i n i s , E. h e r r i m a n i . a n d  P s e u d o d ia p t o m u s  c o r o n a t n e X
S i m i l a r  b e h a v i o r  in  m a le s  o f  C a l a n u s  p a c l f i c u s  and  P s e u d o c a l a n u s  s p .
h a s  been  d e s c r i b e d  by G r i f f i t h s  and  F r o e t  (1976)  who a l s o  d e m o n s t r a t e d
an a c c u m u l a t i o n  i n  m a le  a n t e n n u l e s  o f  o r g a n i c  m a t e r i a l  r e l e a s e d  From 
l't
C - l a b e l e d  f e m a l e s .
K i t t r e d g e  e t  a l .  (1971) o b s e r v e d  a l a c k  o f  s p e c i f i c i t y  in  t h e  s e x  
pheromones  o f  t h e  c r a b s ,  C a n c e r  a n t e n n a r l u s , C^ . a n t h o n y i , and 
PachygrapB us  c r a s s l p e s . and found t h a t  t h e  m o l t i n g  h o r m o n e , c r u a t e c -  
d y s o n e ,  r e l e a s e d  p r e m a t i n g  b e h a v i o r  i n  t h e  m a le s  o f  a l l  t h r e e  s p e c i e s .  
S e p a r a t i o n  and a n a l y s i s  o f  t h e  m a t e r i a l  r e l e a s e d  by a c t i v e  f e m a l e s  o f  
t h e s e  c r a b s  showed p r o p e r t i e s  s i m i l a r  to c r u s t e c d y s o n e , T h u s ,  t h e y  
c o n c l u d e d  t h a t  e i t h e r  c r o s t e c d y s o n e  i s  t h e  s e x  pherom one  o r  h a s  a 
s u f f i c i e n t l y  s i m i l a r  m o l e c u l a r  s t r u c t u r e  t o  mimic t h e  n a t u r a l  p h e r o ­
mones.  I n  f u r t h e r  s t u d i e s ,  Bex pheromone a s  w e l l  a s  c r u s t e c d y s o n e  was 
found  t o  be e f f e c t i v e  i n  I n h i b i t i n g  f e e d i n g  r e s p o n s e s  o f  m a l e
7P_. c r a s s l p e s  ( T a k a h a s h l  and K i t t r e d g e  1 9 7 3 ) .
Hie  t h e o r y  t l i a t  c r u s t e c d y s o n e  s e r v e s  a s  a g e n e r a l  s e x  pheromone 
f o r  C r u s t a c e a  ( K i t t r o d g e  and T a k a h a s h i  1972) was  n o t  s u p p o r t e d  In  th e  
s t u d i e s  o f  A ren a  and  C a g o s i a n  on Homartis a m e r i c a n u s  . No s e x u a l  
r e s p o n s e s  w e re  o b s e r v e d  i n  l o b s t e r s  e x p o s e d  t o  known e c d y s o n e s  and 
c c d y s o n e  m e t a b o l i t e s  (Atema and  G a g o s l a n  19 73; C a g o s i a n  and  Atema 
1 9 7 3 ) .  Tlie work  o f  R a j u I n  e t  a l .  (1973 )  on t h e  S ou th  I n d i a n  c r a b ,  
P a r a t e l p l m s a  h y d r o d r o m u s , i m p l i c a t e d  5 - h y d r o x y t r y p t a m i n e  ( s e r o t o n i n )  
o r  a compound s i m i l a r  t o  i t  as  t l i e  s e x  a t t r a c t a n t  i n  f e m a l e s  o f  t h i s  
s p e c i e s .  I n  a d d i t i o n ,  c h e m i c a l  c h a r a c t e r i s a t i o n  o f  t h e  phe rom ones  i n  
P ro c a m b a ru s  c l a r k l i  (Ameyaw-AkumfI and  h a z l e t t  1975)  l ias  s u g g e s t e d  
c a r b o h y d r a t e  s t r u c t u r e s .  N e v e r t h e l e s s ,  r e c e n t  r e p o r t s  d e s c r i b i n g  
t e s t s  i n  two Cantmarus am ph ipods  (Hammoud e t  a l .  1975) a n d  J a s u s  l a l a n d i l  
(Rudd and  W arren  1976)  h a v e  shown t h a t  c r u s t e c d y s o n e  i s  e f f e c t i v e  iti 
s t i m u l a t i n g  c o u r t s h i p  b e h a v i o r  I n  m a l e s  o f  t h e s e  s p e c i e s .
The s i t e ( s )  o f  pherom one  p r o d u c t i o n  i n  m os t  c r u s t a c e a n s  I s  
unknown. The s t e r n a l  g l a n d  h a s  b e e n  p r o p o s e d  a s  a  p o s s i b l e  s o u r c e  In 
t h e  f r e s h w a t e r  prawn P a la e m o n  p a u c l d e n s  (K am iguch i  1 9 7 2 a ) - H i s t o ­
l o g i c a l  s t u d i e s  by R a j u l u  e t  a l .  (1973 )  In P a r a t e l p b u s a  h yd rod rom us  
i n d i c a t e d  c e l l s  l i n i n g  t h e  d u c t s  o f  t h e  a n t e n n a l  g l a n d s  may be r e s p o n ­
s i b l e  f o r  pherom one  s e c r e t i o n ,  A t h i r d  s i t e  h a s  b e e n  p r o p o s e d  f o r  
l o b s t e r s  ( Homarus a m e r l c a n u s ) ; b i o a s s a y s  o f  o v a r y  e x t r a c t s  by McLeese 
e t  a l .  ( 1 9 7 7 )  h a v e  s u g g e s t e d  t h e s e  g l a n d s  may be r e s p o n s i b l e  f o r  
pheromone s y n t h e s i s ,
A s p e c t s  o f  t h e  R e p r o d u c t i v e  B i o l o g y  o f  B lue  C ra b s
As i n  many c r u s t a c e a n  s p e c i e s  ( H a r t n o l l  1 9 G 9 ) , m a t i n g  i n
8C a i l i n e c t e s  s a p i d u s  4 .3  s y n c h r o n i z e d  w i t h  e c d y s i s .  The  fem a le  becomes 
manure a t  t h e  end  o f  h e r  p e n u l t i m a t e  i n s t a r  and m a t i n g  can o c c u r  o n l y  
d u r in g  a  s h o r t  p e r i o d  a f t e r  t h e  m a t u r i t y  m o l t ;  o f t e n  r e f e r r e d  to  a s  
t h e  " p u b e r t y  m o l t . "  Thus t h e  f e m a l e  b l u e  c rab  m a tes  o n l y  once d u r i n g  
her  e n t i r e  l i f e .  Hie s p e r m  s t o r e d  In  h e r  sem ina l  r e c e p t a c l e s  d u r i n g  
c o p u l a t i o n  r e m a i n s  v i a b l e  f o r  a t  l e a s t  one y ea r  to  f e r t i l i z e  th e  two o r  
more s p a w n in g s  which o c c u r  d u r i n g  h e r  l i f e t i m e  (Hard 1942;  Van E n g e l  
1958}*
M a tu re  f e m a l e s  c a n  e a s i l y  be  d i s t i n g u i s h e d  from im m atu re  a n i m a l s  
on t h e  b a s i s  o f  a b d o m in a l  m o r p h o l o g y .  I 11 t h e  immature  f e m a le  t h e  
abdomen I s  t r i a n g u l a r  i n  s h a p e  a n d  s e c u r e d  w i t h i n  a  d e p r e s s i o n  be low  
the  t h o r a c i c  s t e r n a .  M a t u r e  c r a b s  h a v e  abdomens w h ich  a r e  b r o a d l y  
rounded ,  n e a r l y  s e m i - c i r c u l a r ,  a n d  f r e e  from the v e n t r a l  s u r f a c e  o f  
the  th o ra x *  The e n t i r e  c h a n g e  i n  t h i s  e x t e r n a l  m orpho logy  o c c u r s  
d u r in g  t h e  p u b e r t y  m o l t .
I n  t h i s  s t u d y  i t  was n e c e s s a r y  t o  i d e n t i f y  f e m a l e s  t h a t  w ere  
a p p r o a c h i n g  m a t u r i t y ,  A key  f e a t u r e  i n  r e c o g n i z i n g  t h e s e  f e m a le s  i s  
a d a r k e n i n g  o f  t h e  a b d o m in a l  r e g i o n  a s  a  r e s u l t  o f  p i g m e n t a t i o n  i n  t h e  
newly f o r m i n g  e x o s k e l e t o n  b e n e a t h  t h e  o l d  c u t i c l e *  Females  i n  t h i s  
phase o f  t h e i r  l i f e  c y c l e  and  w i t h i n  s i x  days  o f  m o l t i n g , a s  d e t e r m i n e d  
from Van E n g e l ' s  (1958)  d e s c r i p t i o n  o f  " s h e d d in g  s i g n s "  a r e  h e r e i n  
r e f e r r e d  t o  a s  " p u b e r t a l  f e m a l e s . "
Male c r a b s  a r e  o b s e r v e d  t o  a t t e n d  f e m a le s  f o r  s e v e r a l  d a y s  p r i o r  
to  t h e  p u b e r t y  m o l t ,  a n d  a l s o  r e m a i n  w i t h  t h e  f e m a le  a f t e r  c o p u l a t i o n  
u n t i l  h e r  e x o s k e l e t o n  h a s  p a s s e d  t h e  e a r l y  s t a g e s  o f  h a r d e n i n g .  T h e r e ­
f o r e ,  i t  a p p e a r s  t h a t  a t  some p o i n t  i n  t h e  f e m a l e ' s  p e n u l t i m a t e  i n s t a r  
she becomes " a t t r a c t i v e "  t o  m a t u r e  m a l e  c r a b s .  A r e c e p t i v e  m a le ,  upon
9e n c o u n t e r i n g  s u c h  a f e m a l e ,  may i n i t i a t e  a c o u r t s h i p  d i s p l a y .  T h i s  
i s  c h a r a c t e r i s e d  by c h e l a e  e x t e n d e d  l a t e r a l l y ,  swimming a p p e n d a g e s  
waved above th e  c a r a p a c e ,  and w a l k i n g  l e g s  g r e a t l y  e x t e n d e d  s u c h  t h a t  
t h e  c r a b ' s  body i s  e l e v a t e d  h i g h  o f f  t h e  s u b s t r a t e .  A f t e r  a s h o r t  
d i s p l a y  p e r i o d  t h e  male  g r a s p s  t h e  f e m a le  and h o l d s  h e r  b e n e a t h  him w i th  
h i s  f i r s t  p a i r  o f  w a l k i n g  l e g s  i n  t h e  s o - c a l l e d  c r a d l e - c a r r y  p o s i t i o n .  
She i s  h e l d  r i g h t - s i d e - u p  w i t h  h e r  c a r a p a c e  a g a i n s t  t h e  u n d e r s i d e  o f  
t h e  male.  C o p u l a t i o n  o c c u r s  f o l l o w i n g  t h e  f e m a le  m o l t ,  and t h e  c r a d l e -  
c a r r y  i s  reasBumed f o r  a few more d a y s ,
E t h o l o g i c a l  s t u d i e s  w i t h  £!. s a p i d u s  h a v e  b e e n  p e r f o r m e d  by 
Jachow sk i  (1970,  1974) on a g o n i s t i c  b e h a v i o r  and by T e y t a u d  ( 1 9 7 1 )  on 
s e x  r e c o g n i t i o n ,  T ey taud  d e s c r i b e d  t h e  v a r i o u s  a s p e c t s  o f  t h e  ma le  
c o u r t s h i p  d i s p l a y  i n  d e t a i l  a s  w e l l  as  f e m a l e  r e s p o n s e s .  I n  h i s  
e x p e r i m e n t a l  s t u d i e s  w i t h  m ode ls  on th e  r o l e  o f  " o l f a c t o r y "  c u e s  i n  
c o u r t s h i p ,  he found  e v i d e n c e  For c h e m i c a l  r e l e a s e  o f  b e h a v i o r  i n  
f e m a le s  b u t  n o t  i n  m a les .  However,  J a c h o w s k i  ( 1 9 7 0 ,  1974) o b s e r v e d  
t h a t  t r a n s f e r  o f  w a t e r  f rom a t a n k  c o n t a i n i n g  p r e m o l t  f e m a l e s  t o  a 
t a n k  w i th  a d u l t  m a les  i n d u c e s  c o u r t s h i p  d i s p l a y s  b e tw e e n  t h e  m a l e s .
These  c o n f l i c t i n g  r e p o r t s  w ere  s u b s e q u e n t l y  r e s o l v e d  i n  e x p e r i m e n t s ,  
which  a r e  d e s c r i b e d  h e r e i n ,  t h a t  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a  s e x  
pheromone i n v o l v e d  in  r e l e a s i n g  c o u r t s h i p  b e h a v i o r  i n  m a le s  ( G l e e s o n  
1 9 7 6 ) .
PART I
BEHAVIORAL STUDIES
T hese  s t u d i e s  w e r e  d e s i g n e d  t o  d e t e r m i n e  i f  a s e x  pherom one  i s  
i n v o l v e d  i n  r e l e a s i n g  c o u r t s h i p  b e h a v i o r  i n  male b l u e  c r a b s ;  t o  
l o c a l i z e  i t s  s i t e  o f  r e l e a s e  f ro m  t h e  f e m a l e  and s i t e  o f  r e c e p t i o n  in  
t h e  m a l e ;  and  t o  c h a r a c t e r i z e  i t s  r o l e  r e l a t i v e  t o  o t h e r  s e n s o r y  s t i m u l i  
in  o r i e n t i n g  t h i s  b e h a v i o r .
P r e l i m i n a r y  O b s e r v a t i o n s
P r e l i m i n a r y  o b s e r v a t i o n s  o f  r e p r o d u c t i v e  b e h a v i o r  w e r e  c a r r i e d  o u t  
i n  t h e  l a b o r a t o r y .  T h e re  a p p e a r e d  t o  be  l l t t L e  i n h i b i t i o n  o f  s e x u a l  
i n t e r a c t i o n s  u n d e r  l a b o r a t o r y  c o n d i t i o n s  i n  t h a t  c o p u l a t i o n  and  c r a d l e -  
c a r r y  a c t i v i t i e s  w e r e  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  t h e  f i e l d .  C o u r t ­
s h i p  d i s p l a y s  by m a l e s , a s  d e s c r i b e d  by T e y t a u d  ( 1 9 7 1 ) ,  Were aLso  
o b s e r v e d .  Two e x c e p t i o n s t h o w e v e r ,  w e r e  t h e  " f a l l i n g - b a c k "  and 
" r o c k i n g "  w h ich  T e y t a u d  d e s c r i b e d  a s  b e i n g  a s s o c i a t e d  w i t h  t h e  m a le  
d i s p l a y .  N e i t h e r  o f  t h e s e  a c t i o n s  was  r e c o g n i z e d  d u r i n g  t h e  p r e s e n t  
s t u d i e s ,
In  many i n t e r a c t i o n s  t h e  m a l e ' s  d i s p l a y  was  i n c o m p l e t e  o r  n o t  
g i v e n  a t  a l l  p r i o r  t o  c o u p l i n g  o f  a  p a i r  o f  c r a b s .  O f t e n  a p u b e r t a l  
f e m a le  p a s s i n g  i n  c l o s e  p r o x i m i t y  t o  a r e c e p t i v e  m a le  w o u ld  be  s u d d e n l y  
g r a s p e d  by t h e  m a le  and  m a n e u v e re d  t o  t h e  c r a d l e - c a r r y  w i t h o u t  a n y  
d i s p l a y .  I n  o t h e r  s i t u a t i o n s  t h e  m a l e  wou ld  o n l y  s p r e a d  h i s  c h e l a e  t o
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t h e  l a t e r a l  p o s i t i o n  b e f o r e  moving to w ard s  t h e  f e m a l e  and c o u p l i n g  w i t h  
h e r .  T h e s e  o b s e r v a t i o n s ,  t h e r e f o r e ,  s u g g e s t e d  t h a t  t h e  d i s p l a y  ig  n o t  
a  r e q u i r e d  f i r s t  s t e p  i n  t h e  c o u r t s h i p  s e q u e n c e ;  a  f a c t  t h a t  was v e ry  
i m p o r t a n t  i n  d e s i g n i n g  and i n t e r p r e t i n g  t h e  e x p e r i m e n t s  i n  t h i s  s t u d y .  
P u b e r t a l  f em a les  were  f r e q u e n t l y  o b s e r v e d  to  i n i t i a t e  t h e  c r a d l e -  
c a r r y  by a p p r o a c h i n g  and a t t e m p t i n g  to  p o s i t i o n  t h e m s e l v e s  b e n e a t h  
m a l e s .  T h i s  was o f t e n  accompanied  by c h e l a e  " w a v i n g " ,  d e s c r i b e d  In 
p u b e r t a l  f e m a l e s  (Teytaud 1971)  a s  a  s e r i e s  o f  r a p i d  l a t e r a l  e x t e n s i o n s  
and  f l e x i o n s  o f  one o r  b o t h  c h e l a e ,  w i th  t h e  d a c t y l s  i n  t h e  open 
p o s i t i o n .  However,  t h i s  b e h a v i o r  was  commonly d i r e c t e d  t o w a r d s  con-  
s p e c i f i c s  i n  g e n e r a l .  F o r  ex a m p le ,  i n  t h e  c o r n e r s  o f  h o l d i n g  ta nks  
c o n t a i n i n g  t h e s e  females  o n e  would o f t e n  o b s e r v e  s e v e r a l  a n i m a l s  
s t a c k e d  o n e  on top  o f  th e  o t h e r .  T h e r e  was  d e f i n i t e l y  a  p r e f e r e n c e  f o r  
c o n t a c t  w i t h  o t h e r  c r a b s ;  a  s i t u a t i o n  n o t  c h a r a c t e r i s t i c  o f  t h i s  s p e ­
c i e s  i n  a  n a n - s e x u a l  c o n t e x t .  T h i s  b e h a v i o r  on t h e  p a r t  o f  p u b e r t a l  
f e m a l e s  h a s  a l s o  been n o t e d  by Van Enge l  ( p e r s o n a l  c o m m u n i c a t i o n ) .
M a t e r i a l s  and  Methods
A l l  b e h a v i o r a l  e x p e r i m e n t s  w e re  c o n d u c t e d  b e t w e e n  May a n d  O c to b e r  
o f  1975 and  1976;  a p e r i o d  o f  the  y e a r  d u r i n g  w h ic h  G^ . s a p i d u s  i s  
s e x u a l l y  a c t i v e  i n  the  C h es ap ea k e  Bay .  Most  a n i m a l s  were  o b t a i n e d  
Front c o m m e r c i a l  c r a b b e r s  p o t t i n g  o r  p o u n d - f i s h i n g  i n  th e  York or  
Rappahannock  r i v e r s  of  V i r g i n i a .  The  c r a b s  w ere  s e p a r a t e d  a c c o r d i n g  
t o  s e x ,  and m a in t a i n e d  In  e i t h e r  r e c i r c u l a t i n g  o r  f l o w - t h r o u g h  h o l d i n g  
t a n k s  c o n t a i n i n g  w a t e r  a t  a m b ie n t  t e m p e r a t u r e  f rom  t h e  York  R iv e r  
( s a l i n i t y  r a n g e  l 5 - 2 1 ° / o o )  . Animals  were s u s t a i n e d  on a d i e t  o f  f i s h  
o r  s q u i d  p r e s e n t e d  ad l i b i t u m  two o r  t h r e e  t i m e s  w e e k l y ,  a n d  were Fed
12
u n t i l  s a t i a t e d  J u s t  p r i o r  t o  each  e x p e r i m e n t a l  t r i a l *  In a l l  e x p e r i ­
m e n t a l  d e s i g n s  w a t e r  f rom  t h e  York R i v e r  w a s  used  a n d  f i l t e r e d  t o  I D s  
e x c e p t  where  n o te d *
Pherom one  R e l e a s e  S t u d i e s
The p u r p o s e  o f  t h e s e  e x p e r i m e n t s  was t o  a s c e r t a i n  w h e t h e r  o r  n o t  
a  p h e r o m o n e ,  w h ic h  s e r v e s  t o  t r i g g e r  c o u r t s h i p  b e h a v i o r  i n  m a l e s ,  i s  
r e l e a s e d  to  t h e  e n v i r o n m e n t  by p u b e r t a l  f e m a le s *  Tlie a p p a r a t u s  u s e d  
i s  shown i n  F i g u r e  1 .  I t  i n c l u d e d  a 90 l i t e r ,  e p o x y - l i n e d ,  w ooden  
t e a t —t a n k  h a v i n g  a  d e p t h  o f  n i n e  c e n t i m e t e r s  i n t o  w h ic h  w a t e r  c o u l d  be 
s e q u e n t i a l l y  s i p h o n e d  f ro m  two,  10 l i t e r ,  a c r y l i c  d o n o r - a q u a r l a ; o n e  
c o n t a i n i n g  two p u b e r t a l  f e m a l e s  and  th e  o t h e r ,  c o n t r o l  a n i m a l s *  The 
s i p h o n  s y s t e m  was  made From g l a s s  and Tygon t u b i n g  w i t h  a  f l o w  a d j u s t e d  
t o  250  m l /m i n .
P r i o r  t o  e a c h  t r i a l  a l l  t a n k s  w ere  f i l l e d  w i t h  w a t e r  w h i c h  was  
a e r a t e d  up t o  f i v e  m i n u t e s  b e f o r e  a n  e x p e r i m e n t  commenced.  In  e a c h  
t r i a l  s i x  m a t u r e  m a le  c r a b s  ( m a t u r i t y  j u d g e d  by c a r a p a c e  w i d t h ) , w h i c h  
h a d  b e e n  h e l d  In t h e  l a b o r a t o r y  f o r  a t  l e a s t  two d a y s ,  w e r e  p l a c e d  In  
th e  t e s t - t a n k  and  a l l o w e d  t o  a c c l i m a t e  t o  t h e  s y s t e m  f o r  o n e  h o u r*  
D o n o r - a q u a r i a  a n i m a l s  w ere  p u t  i n  two h o u r s  b e f o r e  a n  e x p e r i m e n t  b e g a n .  
Each  t e s t - m a l e  was  numbered  on t h e  c a r a p a c e  t o  f a c i l i t a t e  r e c o r d i n g  
i n t e r a c t i o n s ,
Two c o n t r o l  c o n d i t i o n s  were  u t i l i z e d  i n  t h e s e  e x p e r i m e n t s ;  o n e  
s e r v e d  a s  a  c o n t r o l  f o r  m o l t  s t a g e ,  and t h e  o t h e r  f o r  s ex*  I n  t h e  
f i r s t  c a t e g o r y  two m a le s  ( p r e m o l t  m a l e s )  o f  s i m i l a r  s i z e  a n d  m o l t  
c o n d i t i o n  as  t h e  p u b e r t a l  f e m a l e s  w e re  used*  In t h e  s e c o n d  c a t e g o r y  
s i n g l e  f e m a l e s ,  w e l l  p a s t  t h e  m a t u r i t y  m o l t  and  h a v i n g  a w e i g h t
nF i g .  1
S c h e m a t i c  d i a g r a m  o f  t h e  w a t e r - t e s t  a p p a r a t u s .
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a p p r o x i m a t e l y  e q u a l  t o  t h e  combined w e i g h t  o f  t h e  p u b e r t a l  f e m a l e s ,  
were  used*
An e x p e r i m e n t a l  t r i a l  c o n s i s t e d  o f  a 10 min o b s e r v a t i o n  p e r i o d  
d u r i n g  w hich  w a t e r  was s ip h o n e d  from t h e  c o n t r o l  aquar ium .  T h i s  was 
f o l l o w e d  by a f i v e  m i n u te  n o - f l o w  i n t e r v a l  and then a 10 min o b s e r ­
v a t i o n  p e r i o d  d u r i n g  w hich  w a t e r  was s ip h o n e d  from th e  aquar ium  c o n ­
t a i n i n g  p u b e r t a l  f e m a l e s .  T h roughou t  an e x p e r im e n t  t h e  t e a t - m a l e  
a c t i v i t i e s  w ere  r e c o r d e d  an a u d i o  t a p e  w i t h  r e f e r e n c e  t o  t ime and 
l o c a t i o n  i n  t h e  t a n k .  The c r i t e r i a  u s e d  in  d e f i n i n g  c o u r t s h i p  
r e s p o n s e s  i n  t e s t - m a l e s  i n c l u d e d :
1) a f u l l  c o u r t s h i p  d e l a y  -  c h e l a e  e x t e n d e d  i n  t h e  l a t e r a l  
p o s i t i o n ,  BWimming ap p en d a g es  ( f i f t h  pe reo p o d s )  r o t a t e d  
a n t e r o d o r s a l l y  and waved from s i d e  to  s i d e  above  th e  c a r a p a c e ,  
and  w a l k i n g  l e g s  ( s e c o n d  t o  f o u r t h  p e re o p o d s )  e x ten d ed  s u c h  
t h a t  t h e  body was e l e v a t e d  t o  a n e a r  maximum h e i g h t  ab o v e  th e  
s u b s t r a t e ;  o r
Z) an  a p p r o a c h  tow ards  a n o t h e r  t e s t  male w i t h  c h e l a e  e x t e n d e d  
i n  t h e  l a t e r a l  p o s i t i o n ,  f o l l o w e d  by an a t t e m p t  t o  c r a d l e -  
c a r r y  t h e  a p p r o a c h e d  i n d i v i d u a l .
The n u l l  h y p o t h e s i s  was t h a t  t h e  o c c u r r e n c e  o f  c o u r t s h i p  r e s p o n s e s  
would n o t  be  i n f l u e n c e d  by t h e  e f f l u e n t s  from c o n t r o l  o r  p u b e r t a l -  
f emale  d o n o r  a q u a r i a .  A c h i - s q u a r e  a n a l y s i s  f o r  r e l a t e d  s a m p l e s  
(McNemar t e s t ) ,  c o r r e c t e d  f o r  c o n t i n u i t y ,  was u t i l i s e d  to  t e s t  t h i s  
h y p o t h e s i s  ( S i e g e l  1 9 5 b ) .
A s e r i e s  o f  s i m i l a r  e x p e r i m e n t s  was p e r fo rm ed  u s i n g  s l i g h t l y  
d i f f e r e n t  a p p a r a t u s  i n  o r d e r  t o  document  male  r e a c t i o n s  u s i n g  v i d e o  
r e c o r d i n g  e q u ip m e n t .  Video t a p e s  p r o v i d e d  a u s e f u l  r e c o r d  f o r  an  i n -
d e p t h  a n a l y s i s  of  t e s t - m a l e  a c t i v i t i e s  and i n t e r a c t i o n s .
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U r in e  S t u d i e s
E x p e r i m e n t s  were  c o n d u c t e d  t o  d e t e r m i n e  i f  t h e  u r i n e  of  p u b e r t a l  
f e m a le s  c o n t a i n s  t h e  pheromone i n d u c i n g  ma le  c o u r t s h i p  b e h a v i o r .
U r in e  was c o l l e c t e d  from t h e s e  f e m a le s  a s  w e l l  a s  a p p r o p r i a t e  c o n t r o l  
a n i m a l s  by a m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  d e s c r i b e d  by Binns (1969).  
A f t e r  b l o t t i n g  e x c e s s  w a t e r  from t h e  r e g i o n s  below th e  a n t e n n a e ,  the  
ope rcu lum  b e n e a t h  eac h  a n t e n n a  was r a i s e d  w i t h  a b l u n t  n e e d l e  and th e  
e x p e l l e d  u r i n e  was a s p i r a t e d  w i t h  an Eppendor f  m i c r o - p i p e t . Ur ine 
sam ple s  from s e v e r a l  a n i m a l s  w ere  p o o l e d ,  d i v i d e d  i n t o  0 . 3  ml f r a c t i o n s ,  
and f r o z e n  u n t i l  u s e d .  Pheromone s t a b i l i t y  was t e s t e d  by h e a t i n g  some 
o f  t h e s e  f r a c t i o n s  t o  95®C f o r  f i v e  m i n u t e s  b e f o r e  f r e e z i n g .
The u r i n e - t e s t  a p p a r a t u s  i s  shown i n  F i g u r e  2 .  In  each  t r i a l  two 
m a tu r e  male c r a b s ,  which  h a d  b e e n  h e l d  In  t h e  l a b o r a t o r y  f o r  a t  l e a s t  
two d a y s ,  w e re  p l a c e d  i n  eac h  o f  t h r e e  a q u a r i a  c o n t a i n i n g  13 l i t e r s  o f  
w a t e r  a t  a d e p t h  o f  11 cm. A f t e r  an  a c c l i m a t i o n  p e r i o d  o f  a t  l e a s t  30 
min,  0 . 1  mi s am p les  o f  u r i n e  w ere  d i l u t e d  1 :1 0  in  f i l t e r e d  r i v e r  w a te r  
and i n j e c t e d  w i t h  a s y r i n g e  i n t o  t h e  a q u a r i a  v i a  s m a l l  d i a m e t e r  po ly ­
e t h y l e n e  t u b e s .  Each sample  i n t r o d u c t i o n  was fo l l o w e d  im m edia te ly  
by an i n j e c t i o n  o f  w a t e r  t o  e v a c u a t e  t h e  d i l u t e d  u r i n e  r e m a in in g  in 
t h e  t u b e .  A e r a t i o n  s e r v e d  t o  mix t h e  u r i n e  t h r o u g h o u t  each  aquar ium 
w i t h i n  two m in u te s  a s  d e t e r m i n e d  by dye s t u d i e s .
A t o t a l  o f  s ev en  t r i a l s  w ere  ru n  i n  t h e s e  s t u d i e s  in  which 42 
d i f f e r e n t  m a le s  were  t e s t e d .  In  t h e  f i r s t  t h r e e  t r i a l s  u r i n e  from 
p r e m o l t  m a le s  s e r v e d  a s  a c o n t r o l ,  w h e r e a s  i n  t r i a l s  4 t h ro u g h  7 
u r i n e s  from b o t h  p r e m o l t  m a le s  and m a tu re  f e m a le s  s e r v e d  a s  c o n t r o l s  
and were  s e q u e n t i a l l y  i n t r o d u c e d  to  t h e  t e s t  m a le s .  Two s e p a r a t e
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b a t c h e s  o f  p o o l e d  u r i n e s  from p u b e r t a l  f e m a l e s  w e re  u t i l i s e d  i n  t h e s e  
e x p e r i m e n t s ;  o n e  f o r  t r i a l s  1 t h r o u g h  3 and  t h e  o t h e r  f o r  t r i a l s  4 
t h r o u g h  7 ,  The same d i v i s i o n  was  u s e d  f o r  two b a t c h e s  o f  u r i n e  
d e r i v e d  f rom  p t e m o l t  m a l e s ,  w h e r e a s  o n l y  a s i n g l e  p o o l e d  s tock ,  from 
m a t u r e  f e m a l e s  was  u t i l i z e d .
I n  an  e x p e r i m e n t  t e s t - m a l e  a c t i v i t i e s  w ere  o b s e r v e d  f o r  a f i v e  
m i n u te  p e r i o d  b e f o r e  any i n j e c t i o n s  o f  u r i n e  w ere  made.  U r i n e  s a m p le s  
were  t h e n  s e q u e n t i a l l y  i n t r o d u c e d  ( b e g i n n i n g  w i t h  p r e m o l t - m a l e  u r i n e  
and e n d i n g  w i t h  p u b e r t a l - f e m a l e  u r i n e  i n  a l l  t r i a l s )  f o l l o w e d  by f i v e  
m i n u te  o b s e r v a t i o n  p e r i o d s  b e t w e e n  s a m p l e  i n j e c t i o n s .  An e n t i r e  u r i n e  
s e r i e s  was  run  on a p a i r  o f  t e s t - m a l e s  b e f o r e  p r o c e e d i n g  t o  t h e  n e x t  
a q u a r i u m ,  and c o u r t s h i p  r e s p o n s e s  w ere  n o t e d  a s  d e f i n e d  p r e v i o u s l y .
The n u l l  h y p o t h e s i s  t h a t  t h e  o c c u r r e n c e  o f  c o u r t s h i p  r e s p o n s e s  
would  n o t  be i n f l u e n c e d  by t h e  i n t r o d u c t i o n  o f  u r i n e  s a m p l e s  was 
t e s t e d  u s i n g  a c h l - s q u a t e  a n a l y s i s  f o r  r e l a t e d  s a m p l e s  c o r r e c t e d  f o r  
c o n t i n u i t y  ( S i e g e l  1 9 5 6 ) .
V i s u a l  Cues
The r o l e  o f  v i s u a l  i n f o r m a t i o n  I n  c o o r d i n a t i n g  t h e  c o u r t s h i p  
i n t e r a c t i o n s  o f  C* s a p i d u s  was e x am in ed  in  two d i f f e r e n t  s e r i e s  o f  
e x p e r i m e n t s .  The f i r s t  was d e s i g n e d  t o  t e s t  i f  v i s u a l  i n p u t  i s  
r e q u i r e d  f o r  a  m a le  a n d  fem a le  p a i r  t o  a s s u m e  t h e  c r a d l e - c a r r y  p o s i t i o n .  
The s e c o n d  s e r i e s  exam ined  t h e  q u e s t i o n  o f  m a le  r e a c t i o n s  when 
p r e s e n t e d  w i t h  o n l y  v i s u a l  i n f o r m a t i o n  f ro m  a p u b e r t a l  f e m a l e  and In 
c o n j u n c t i o n  w i t h  h e r  pheromone.
The f i r s t  a e r i e s  o f  t e s t s  was c a r r i e d  o u t  i n  a d a rk ro o m .  S i n g l e  
p u b e r t a l  f e m a l e s  w ere  p l a c e d  i n  g l a s s  a q u a r i a  c o n t a i n i n g  21 l i t e r s  o f
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w a t e r  which  was a e r a t e d  t h r o u g h o u t  an e x p e r i m e n t .  I n d i v i d u a l  m a t u r e  
m a l e s ,  a c c l i m a t e d  i n  t h e  l a b o r a t o r y  f o r  a t  l e a s t  two d a y s ,  were  
randomly  s e l e c t e d  a n d  p l a c e d  i n  e a c h  a q u a r i u m .  The p r o c e s s  o f  i n t r o ­
d u c i n g  th e  m a l e s  t o  t h e  a q u a r i a  ( a  p e r i o d  l a s t i n g  n o t  more t h a n  f i v e  
s e c o n d s )  was done u n d e r  low i n t e n s i t y ,  r e d - l i g h t  c o n d i t i o n s .
I m m e d ia t e ly  f o l l o w i n g  t h i s  p r o c e s s  t o t a l  d a r k n e s s  was m a i n t a i n e d  f o r  
a p e r i o d  o f  two h o u r s  a f t e r  w h ic h  c r a d l e - c a r r y  p o s i t i o n s  were  c h e c k e d .
I h e  s e c o n d  t e a t  a e r i e s  was p e r f o r m e d  i n  a 120 x L20 x 20 cm, 
e p o x y - l i n e d ,  wooden t e s t - t a n k .  W a te r  was i n t r o d u c e d  t o  one o f  th e  
c o r n e r s  a t  a  r a t e  o f  f o u r  l i t e r s / m i n  and  m a i n t a i n e d  a t  a d e p th  o f  10 
cm v i a  a s t a n d p i p e  d r a i n .  I n  e a c h  t r i a l  a s i n g l e  p u b e r t a l  f e m a le  was 
r e t a i n e d  i n  a  g l a s s  c y l i n d e r  (15 cm x 12 cm d i a m e t e r )  which  was 
p o s i t i o n e d  a t  t h e  i n f l o w  c o r n e r  o f  t h e  t a n k .  I m m e d i a t e l y  f o l l o w i n g  
p l a c e m e n t  o f  t h e  f e m a l e ,  s i x  m a l e  c r a b s ,  w h ich  had  b e e n  a c c l i m a t e d  
i n  t h e  l a b o r a t o r y  f o r  a t  l e a s t  f o u r  d a y s ,  w ere  ran d o m ly  s e l e c t e d  and 
i n t r o d u c e d  t o  t h e  t e s t - t a n k .  A f t e r  a 10 min o b s e r v a t i o n  p e r i o d  
{ " v i s u a l  a l o n e " )  t h e  w a t e r  i n f l o w  was s w i t c h e d  t o  t h e  c y l i n d e r  c o n ­
t a i n i n g  t h e  f e m a l e ,  t h u s  c a u s i n g  an  o v e r f l o w  from t h e  c y l i n d e r *  and 
t h e  m a le  a c t i v i t i e s  w e re  a g a i n  r e c o r d e d  o v e r  a f i v e  m i n u t e  p e r i o d .
The n u l l  h y p o t h e s i s  was t h a t  t h e  o c c u r r e n c e  o f  m a le  c o u r t s h i p  
r e s p o n s e s  w o u ld  be  i n d e p e n d e n t  o f  t h e  ' V i s u a l  a l o n e "  a n d  " v i s u a l  & 
pheromone"  p h a s e s  o f  t h e s e  t r i a l s *  A c h i - s q u a r e  a n a l y s i s  f o r  r e l a t e d  
s a m p l e s  { c o r r e c t e d  f o r  c o n t i n u i t y )  was u t i l i z e d  t o  t e s t  t h i s  h y p o t h e s i s  
( S i e g e l  1 9 5 6 ) .
D u r i n g  t h e  " v i s u a l  a l o n e "  p h a s e  o f  e a c h  t r i a l  p a r t i c u l a r  a t t e n t i o n  
was g i v e n  t o  t h e  p r o x i m i t y  o f  m a l e s  r e l a t i v e  t o  t h e  f e m a l e  by r e c o r d i n g  
th e  numbers  o f  i n d i v i d u a l s  w a l k i n g  w i t h i n  10 cm o f  t h e  c y l i n d e r .  At
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t h i s  d i s t a n c e  v i s u a l  i n f o r m a t i o n  c o u l d  p o t e n t i a l l y  h a v e  been  e x c h a n g e d  
a s  J u d g e d  by  t h e  u n d e r w a t e r  v i s i b i l i t y .  C o u r t s h i p  r e s p o n s e s  w e r e  n o t e d  
a s  d e f i n e d  p r e v i o u s l y ,  and r e c o r d e d  a s  t o  d i r e c t i o n a l i t y  t o  d e t e r m i n e  
I f  v i s u a l  i n f o r m a t i o n  from t h e  p u b e r t a l  f e m a l e  i n d u c e d  a  p r e f e r e n t i a l  
o r i e n t a t i o n  t o w a r d s  h e r  a s  a p p o s e d  t o  d i s p l a y s  d i r e c t e d  e l s e w h e r e .
R e c e p t o r  L o c a l i z a t i o n
E x p e r i m e n t s  w ere  p e r fo rm ed  t o  t e s t  t h e  e f f e c t s  o f  n n t e n n u l e  ( T i r s t  
a n t e n n a )  a b l a t i o n  on th e  r e s p o n s i v e n e s s  o f  m a l e s  t o  p h e r o m o n e .  The 
i n i t i a l  s t u d i e s  exam ined  c o u r t s h i p  r e s p o n s e s  f o l l o w i n g  b i l a t e r a l  
a b l a t i o n  o f  th e  i n n e r  and o u t e r  f l a g e l l a  (S e e  F i g u r e  3 ) ,  The t i p  o f  
e a c h  a n t e n n u l e  was a m p u ta te d  a t  a  p o i n t  a p p r o x i m a t e l y  1 - 2  mm b e l o w  t h e  
b i f u r c a t i o n  o f  t h e s e  f l a g e l l a  i n  e x p e r i m e n t a l  a n i m a l s ,  w h e r e a s  i n  c o n ­
t r o l s  b o t h  a n t e n n a e  ( seco n d  a n t e n n a e )  w e r e  r e m o v e d .  O p e r a t i o n s  w e r e  
p e r f o r m e d  on  ran d o m ly  s e l e c t e d  m a l e s  24 h r  b e f o r e  r e s p o n s e s  w ere  
c h e c k e d .
The a p p a r a t u s  f o r  t e s t i n g  c o u r t s h i p  a c t i o n s  was t h e  same a s  t h a t  
u s e d  i n  t h e  s e c o n d  a e r i e s  o f  t h e  " V i s u a l  C u e s "  s t u d i e s .  One d i f f e r e n c e ,  
h o w e v e r ,  was  t h e  u s e  o f  an  h e x a g o n a l ,  a c r y l i c  c o m p a r tm e n t  {13 cm o n  a 
s i d e  and 15 cm h i g h )  t o  r e t a i n  f o u r  p u b e r t a l  f e m a l e s  w i t h i n  t h e  t e s t -  
t a n k ,  T h i s  r e p l a c e d  th e  g l a s s  c y l i n d e r  c o n t a i n i n g  a s i n g l e  f e m a l e ,  and  
i n c r e a s e d  t h e  p r o b a b i l i t y  o f  p r o v i d i n g  ati a d e q u a t e  p h e ro m o n e  c o n c e n ­
t r a t i o n  d u r i n g  t h e  o v e r f l o w  p h a s e  o f  e a c h  e x p e r i m e n t .  I n  e a c h  t r i a l  
t h r e e  c o n t r o l  m a le s  and t h r e e  e x p e r i m e n t a l  m a l e s  were  r a n d o m l y  s e l e c t e d  
and p l a c e d  i n  t h e  t e s t - t a n k  f o r  a  f i v e  m i n u t e  c o n t r o l  o b s e r v a t i o n  
p e r i o d .  T h i s  was f o l l o w e d  by an  o v e r f l o w  o f  t h e  w a t e r  f ro m  t h e  
p u b e r t a l  f e m a l e  co m p a r tm e n t ,  and  m a le  a c t i v i t i e s  were  a g a i n  o b s e r v e d
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Drawing o f  t h e  d i a t i i l  p n r L l o n  o f  t h e  n n t e n m i l e  show ing  t h e  i n n e r  and
o u t e r  f l a g e l l a .  37X.
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f o r  a  p e r i o d  o f  10 m in .  C o u r t s h i p  r e s p o n s e s  were  r e c o r d e d  a s  d e f i n e d  
p r e v i o u s l y .  A c h i - s q u a r e  a n a l y s i s  f o r  in d e p e n d e n c e  ( c o r r e c t e d  f o r  
c o n t i n u i t y )  w as  u sed  t o  t e s t  t h e  n u l l  h y p o t h e s i s  t h a t  t h e  o c c u r r e n c e  of  
c o u r t s h i p  r e s p o n s e s  w o u ld  be  u n a f f e c t e d  by a n t e n n a e  o r  a n t e n n u l e  a b l a ­
t i o n  ( S i e g e l  1 9 5 6 ) .
A n o t h e r  B e t  o f  e x p e r i m e n t s  u s i n g  t h e  same d e s i g n  exam in ed  male 
r e s p o n s e s  f o l l o w i n g  a b l a t i o n  o f  t h e  o u t e r  f l a g e l l u m  from e a c h  a n t e n n u l e .  
In t h e  f i r s t  s e r i e s  o f  t h i s  s e t , c o n t r o l  a n i m a l s  r e m a i n e d  i n t a c t ;  
however ,  I n  t h e  s e c o n d  a e r i e s  t h e  I n n e r  f l a g e l l a  w e r e  removed .  For 
bo th  s e r i e s  a l l  m a les  w e re  p r e t e s t e d  I n  t h e  a p p a r a t u s ,  and o n l y  t h o s e  
e x h i b i t i n g  c o u r t s h i p  r e a c t i o n s  w e re  u t i l i z e d .  A b l a t i o n s  w ere  p e r f o r m e d  
on randomly  s e l e c t e d  i n d i v i d u a l s  Ik  h r  b e f o r e  t e s t i n g  commenced, In 
each t r i a l  o f  t l ie  f i r s t  s e r i e s  two c o n t r o l  a n i m a l s  w e re  t e s t e d  a l o n g  
w i t h  f o u r  e x p e r i m e n t a l  m a le s }  w h e r e a s  i n  th e  s e c o n d  s e r i e s  t h r e e  males  
o f  e a c h  c a t e g o r y  were  s i m u l t a n e o u s l y  t e s t e d .
The n u l l  h y p o t h e s i s  i n  t h i s  l a t t e r  s e t  o f  e x p e r i m e n t s  was t h a t  t h e  
o c c u r r e n c e  o f  c o u r t s h i p  r e s p o n s e s  w o u ld  n o t  be i n f l u e n c e d  by r e m o v a l  o f  
the  i n n e r  o r  o u t e r  f l a g e l l a .  I n  t h e  f i r s t  s e r i e s  o f  t r i a l s  t h i s  
h y p o t h e s i s  w as  t e s t e d  u s i n g  t h e  F i a h e r  t e s t  ( S i e g e l  1 9 5 6 ) ;  w h e r e a s .  In 
t h e  s e c o n d  a e r i e s  a  c h i - s q u a r e  a n a l y s i s  f o r  i n d e p e n d e n c e  ( c o r r e c t e d  f o r  
c o n t i n u i t y )  was  u t i l i z e d  ( S i e g e l  1 9 5 6 ) .
F o l l o w i n g  a l l  a b l a t i o n  e x p e r i m e n t s  t h e  r e a c t i o n s  o f  e x p e r i m e n t a l  
males  were  exam in ed  when p r e s e n t e d  w i t h  p u b e r t a l  f e m a l e s .  T h i s  was 
g e n e r a l l y  d o n e  a f t e r  e a c h  t r i a l  by r e l e a s i n g  th e  p u b e r t a l  f e m a l e s  I n t o  
the t e s t - t a n k .
Pheromone A t t r a c t i o n
M atu re  m a le  c r a b s  w ere  t e s t e d  f o r  t h e i r  a b i l i t y  t o  l o c a t e
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p u b e r t a l  f e m a le s  u s i n g  c h e m ic a l  i n f o r m a t i o n  f o r  o r i e n t a t i o n .  These 
e x p e r i m e n t s  were c a r r i e d  o u t  i n  t h e  a p p a r a t u s  shown in  F i g u r e  4. The 
t e s t - a r e n a  was a 92 X 240 x 15 cm, f i b e r g l a s s - l i n e d ,  wooden t a n k  w h ich  
was p a r t i t i o n e d  a t  one  end  w i t h  c l e a r ,  a c r y l i c  p a n e l s  i n t o  tw o ,  45 x 
48 cm e f f l u e n t - e o m p a r t m e n t s ; e a c h  w i t h  an e n t r a n c e  7 ,5  cm I n  w id th -  
A c e n t r a l  p a r t i t i o n  e x t e n d e d  72 cm i n t o  t h e  a r e n a  from t h e  f r o n t  o f  t h e  
c om par tm e n ts .  Water  was s ip h o n e d  a t  a r a t e  o f  a p p r o x i m a t e l y  1200 m l /  
min i n t o  each  com par tm ent from tw o ,  10 l i t e r  d o n o r - a q u a r i a , and  o v e r ­
f lowed v i a  a  c o n s t a n t  l e v e l  s i p h o n  a t  t h e  o p p o s i t e  end o f  t h e  a r e n a  
m a i n t a i n i n g  a w a t e r  d e p t h  o f  n i n e  c e n t i m e t e r s .  A 100 w a t t  i n c a n d e s c e n t  
l i g h t  l o c a t e d  one m e te r  ab o v e  t h e  c e n t e r  of  t h e  t e s t - a r e n a  s e r v e d  to  
i l l u m i n a t e  t h e  a p p a r a t u s  d u r i n g  e x p e r i m e n t s .  One o f  t h e  two d o n o r -  
a q u a r l n  shown i n  F i g u r e  4 c o n t a i n e d  e x p e r i m e n t a l  a n i m a l ( s )  w h i l e  t h e  
o t h e r  s e r v e d  a s  a c o n t r o l .  U n f i l t e r e d ,  York R i v e r  w a t e r  was  d e l i v e r e d  
to  each  a q u a r iu m  a t  a r a t e  o f  1400 m l /m in  v i a  c a l i b r a t e d  s i p h o n s  from 
a h e a d e r  t a n k  ( n o t  s h o w n ) .  The w a t e r  l e v e l  i n  e a c h  a q u a r i u m  was 
m a i n t a i n e d  by an  o v e r f l o w  s t a n d p i p e .
Dye s t u d i e s  i n d i c a t e d  a 15 m in  f low p e r i o d  was r e q u i r e d  b e f o r e  
m a t e r i a l  i n t r o d u c e d  I n  a d o n o r - a q u a r i u m  r e a c h e d  t h e  ove r fL ow  s i p h o n  i n  
t h e  t e s t - a r e n a .  These  t e s t s  a l s o  showed t h e  dye was n o t  r e s t r i c t e d  t o  
one a i d e  o f  t h e  a r e n a ,  b u t  t e n d e d  t o  d i f f u s e  t h r o u g h o u t  much of  i t  o v e r  
t im e .  I t  was fo r  t h i s  r e a s o n  t h a t  t h e  c e n t r a l  p a r t i t i o n  e x t e n d i n g  
from t h e  e f f l u e n t - c o m p a r t m e n t s  was u t i l i z e d ;  i t  s e r v e d  t o  l i m i t  m i x in g  
o f  t h e  w a t e r  masses on e a c h  s i d e ,  a n d  th us  s h o u l d  have i n c r e a s e d  t h e  
r e s o l u t i o n  o f  any c h e m i c a l  d i f f e r e n c e s .
Male c r a b s  used  i n  t i l l s  s e r i e s  o f  e x p e r i m e n t s  were  p r e t e s t e d  w i t h  
p u b e r t a l  f e m a le s  to  d e t e r m i n e  t h e i r  c r a d l e - c a r r y  r e s p o n s e s , Only
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F±g. 4
S c h e m a t i c  d i a g r a m  o f  t h e  p he rom one  a t t r a c t i o n i t e s t  a p p a r a t u s .
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t h o s e  e x h i b i t i n g  a p o s i t i v e  r e s p o n s e  ( a s s u m in g  th e  c r a d l e - c a r r y  
p o s i t i o n  w i t h  a p u b e r t a l  f e m a l e )  w e r e  u t i l i z e d .  They were  t h e n  
a c c l i m a t e d  i n  a f l o w - t h r o u g h  h o l d i n g  ta n k  f o r  2k h r  p r i o r  t o  t e s t i n g .
For e a c h  t r i a l  t h e  e x p e r i m e n t a l  d o n o r - a q u a r i u m  c o n t a i n e d  two o r  
t h r e e  p u b e r t a l  f e m a l e s , a n d  t h e  c o n t r o l  t a n k  had e i t h e r  no a n i m a l s  o r  
a s i n g l e  m a tu r e  m a le .  E x p e r i m e n t a l  and c o n t r o l  a n i m a l s  w e r e  pu t  i n t o  
t h e  d o n o r - a q u a r i a  a t  l e a s t  15 min b e f o r e  s t a r t i n g  a  t r i a l ,  and in  
s u c c e s s i v e  e x p e r i m e n t s  t h e i r  p o s i t i o n s  w ere  a l t e r n a t e d .  I n  each t r i a l  
t e s t - r a a l e s  w ere  randomly s e l e c t e d  and  i n d i v i d u a l l y  p l a c e d  i n t o  a 30 cm 
d i a m e t e r ,  c l e a r ,  a c r y l i c  c y l i n d e r  a t  the  o u t f l o w  e n d  of  t h e  t e s t - a r e n a .  
A f t e r  ope  m i n u t e ,  t h e  c y l i n d e r  was r a i s e d  v e r t i c a l l y  th us  r e l e a s i n g  t h e  
m a le  which  was a l l o w e d  a s i x  m in u te  p e r io d  i n  which  t o  e n t e r  ope o f  t h e  
e f f l u e n t - c o m p a r t m e n t s , A c o n t r o l  e x p e r i m e n t  t o  t e s t  any b i a s  in  t h e  
d e s i g n  i t s e l f  i n v o l v e d  p l a c e m e n t  o f  m a tu re  m a le s  i n  b o t h  d o n o r - a q u a r i a  
and  r e c o r d i n g  t h e  com par tm en t  c h o i c e s  of  t e s t - m a l e s ,
I n  a d d i t i o n  t o  t h e  m a le  t r i a l s  a s i m i l a r  s e r i e s  was r u n  u s in g  
p u b e r t a l  f e m a l e s  a s  t e s t  a n i m a l s .  I n  t h e s e  s t u d i e s  t h e  e x p e r i m e n t a l  
and  c o n t r o l  ‘' d o n o r ” c o n d i t i o n s  w ere  I d e n t i c a l  t o  t h e  male t e s t s ,  b u t  
o p p o s i t e  i n  d e s i g n a t i o n .  A c o n t r o l  e x p e r i m e n t  u s i n g  p u b e r t a l  f e m a le s  
was  a l s o  r u n  in  w hich  no a n i m a l s  w e re  p r e s e n t  i n  t h e  d o n o r - a q u a r i a .
I n  b o t h  t h e  male  and f e m a le  e x p e r i m e n t a l  t r i a l s  t h e  numbers o f  
c r a b s  making  a c h o i c e  w ere  summed and  compared  to  t h e  e x p e c t e d  5 0 :5 0  
d i s t r i b u t i o n  by com put ing  a c h i - s q u a r e  v a l u e  c o r r e c t e d  f o r  c o n t i n u i t y .
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R e s u l t s
Pherom one  R e l e a s e  S t u d i e s
Two t r i a l s  w e r e  ru n  u s i n g  p r e t n o l t  m a le s  a s  c o n t r o l  o r g a n i s m s ,  and 
t h r e e  t r i a l s  u s i n g  m a t u r e  f e m a le  c o n t r o l s .  Out o f  a t o t a l  o f  30
m a le s  t e s t e d  o n l y  one  e x h i b i t e d  c o u r t s h i p  b e h a v i o r  d u r i n g  t h e  c o n t r o l
o b s e r v a t i o n  p e r i o d ,  w h e r e a s  13 m a le s  r e s p o n d e d  when e x p o s e d  t o  
e f f l u e n t  from t h e  a q u a r i u m  c o n t a i n i n g  p u b e r t a l  f e m a l e s  ( T a b l e  I ) .  A 
c h i - s q u a r e  v a l u e  o f  1 0 .0 8  f o r  t h i s  d i s t r i b u t i o n  o f  c o u r t s h i p  r e s p o n s e s  
was h i g h l y  s i g n i f i c a n t  (P  < . 0 l ) ;  t h u s ,  t h e  n u l l  h y p o t h e s i s  was 
r e j e c t e d .
Most  t e s t - m a l e  a c t i v i t i e s  d u r i n g  c o n t r o l  p e r i o d s  w e r e  c h a r a c t e r i z e d  
by s i t t i n g  and  s u b d u e d  w a l k i n g  a l o n g  t h e  w a l l s  o f  t h e  t e s t - t s n k  w i t h  
l i t t l e  i n t e r a c t i o n  b e t w e e n  i n d i v i d u a l s .  T h i s  was  i n  s h a r p  c o n t r a s t  
t o  t h e  v i g o r o u s  a c t i o n s  o f  r e s p o n s i v e  m a le s  when p u b e r t a l - f e m a l e  
e f f l u e n t  was i n t r o d u c e d .  A l l  r e s p o n s e s  w ere  i n i t i a t e d  w i t h i n  s i x
m i n u t e s  f rom  t h e  s t a r t  o f  t h e  p u b e r t a l - f e m a l e  f l o w ;  t h e  mean t i m e  f o r
o n s e t  o f  r e s p o n s e  b e i n g  a p p r o x i m a t e l y  t h r e e  m i n u t e s .  I n  a d d i t i o n ,  
t h e r e  was  an  o b v i o u s  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  t i m e  o f  o n s e t  
o f  a m a l e ' s  r e s p o n s e  a n d  l i i s  d i s t a n c e  f rom  t h e  e f f l u e n t  i n l e t .
I n  i n t e r a c t i o n s  w h e r e  a t e s t - m a l e  a t t e m p t e d  t o  c r a d l e - c a r r y  
a n o t h e r  i n d i v i d u a l ,  t h e  c o u p l i n g  was g e n e r a l l y  p r e v e n t e d  due  t o  t h e  
e s c a p e  e n d e a v o r s  o f  t h e  c r a d l e d  m a le .  However ,  d u r i n g  t h i s  s e r i e s  
o f  e x p e r i m e n t s  two t e s t - m a l e s  w ere  o b s e r v e d  t o  s u c c e s s f u l l y  c r a d l e -  
c a r r y  o t h e r  m a l e s  f o r  p e r i o d s  o f  s e v e r a l  m i n u t e s .
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TABLE I
C o u r t s h i p  r e s p o n s e s  o f  m a t u r e  male b l u e  c r a b s  e x p o s e d  t o  e f f l u e n t  f r o m  
a q u a r i a  c o n t a i n i n g  p u b e r t a l  fem a les
T r i a l
Number
Cont r o 1 
A n im a ls
Anim als
T e s t e d
Males  E x h i b i t i n g  
C o u r t s h i p  R e s p o n s e s
C o n t r o l
E f f l u e n t
P u b e r t a l  F e m a le  
E f f l u e n t
1 2 P r e m o l t  m a le s 6 0 2
2 2 P r e m o l t  m a le s 6 0 3
3 1 M a t u r e  f e m a le 6 0 3
4 I M a t u r e  f e m a l e 6 1 2
5 1 M a tu r e  f e m a l e 6 0 1
T o t a l 30 1 13
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U r i n e  S t u d i e s
Of  t h e  42 m a l e s  t e s t e d  15 allowed c o u r t s h i p  r e s p o n s e s  when p u b e r t a l -  
f e m a l e  u r i n e  was  I n t r o d u c e d ;  no  r e a c t i o n s  w e r e  o b s e r v e d  w i t l i  c o n t r o l  
u r i n e s  ( T a b l e  I I ) .  A c h i - s q u a r e  v a l u e  o f  1 3 .0 7  f o r  t h i s  d i s t r i b u t i o n  
o f  r e s p o n s e s  w as  h i g h l y  s i g n i f i c a n t  (P< . 0 0 1 ) ;  t h u s , t h e  n u l l  
h y p o t h e s i s  w as  r e j e c t e d .  A l l  c o u r t s h i p  r e s p o n s e s  o c c u r r e d  w i t h i n  
f o u r  m i n u t e s ,  w i t h  a n  a v e r a g e  o n s e t  o f  a p p r o x i m a t e l y  one  m i n u t e .
P u b e r t a l - f e m a l e  u r i n e  w h ic h  was h e a t e d  t o  95°C f o r  f i v e  m i n u t e s  
a L so  e l i c i t e d  c o u r t s h i p  r e s p o n s e s  i n  t e s t  m a l e s  a s  d i d  s a m p l e s  w h i c h  
h a d  b e e n  f r o z e n  ( - 2 0 ° C )  f o r  11 m o n t h s .  In  a d d i t i o n ,  u r i n e  f ro m  s o f t  
f e m a l e s  w h ic h  r e c e n t l y  c o m p l e t e d  t h e  p u b e r t y  m o l t  a l s o  r e l e a s e d  m a le  
c o u r t s h i p  b e h a v i o r .
V i s u a l  Cues
The f i r s t  s e r i e s  o f  e x p e r i m e n t s  i n d i c a t e d  t h a t  v i s u a l  i n f o r m a t i o n  
i s  n o t  n e c e s s a r y  f o r  a  p a i r  o f  c r a b s  (m a l e :  f e m a le )  t o  a ssum e  t h e  
c r a d l e - c a r r y  p o s i t i o n .  Of 18 c o u p l e s  t e s t e d  n i n e  h a d  assum ed  t h e  
c r a d l e - c a r r y  d u r i n g  a  two h o u r  p e r i o d  i n  t o t a l  d a r k n e s s .  W i th  l i g h t s  
on  f o r  a  10 m in  p e r i o d  f o l l o w i n g  e a c h  t r i a l ,  no  new c o u p l i n g s  o c c u r r e d .
In  t h e  s e c o n d  s e r i e s  o f  e x p e r i m e n t s  ( T a b l e  I I I ) ,  22 o f  24 m a le s  
t e s t e d  p a s s e d  w i t h i n  10 cm o f  t h e  f e m a l e  d u r i n g  t h e  " v i s u a l  a l o n e "  
p h a s e  o f  t h e  t r i a l s ,  b u t  n o n e  e x h i b i t e d  any c o u r t s h i p  b e h a v i o r .  W i th  
o v e r f l o w  o f  t h e  c y l i n d e r  a  t o t a l  o f  13 c o u r t s h i p  r e s p o n s e s  w e r e  s e e n .
A c h i - s q u a r e  v a l u e  o f  1 0 . 0 8  was  h i g h l y  s i g n i f i c a n t  (P < , 0 1 ) ;  t h e r e f o r e ,  
t h e  n u l l  h y p o t h e s i s  w as  r e j e c t e d .
F o u r  c o u r t s h i p  r e s p o n s e s  i n  t h r e e  s e p a r a t e  t r i a l s  were  d i r e c t e d  
t o w a r d s  t h e  f e m a l e .  I n  a l l  f o u r  c a s e s  t h e  m a l e s  d i s p l a y e d  f u l l y  and
2 8
TABLE I I
C o u r t s h i p  r e s p o n s e s  o f  m a t u r e  m a le  b l u e  c r a b s  e x p o s e d  to  d i l u t e d  u r i n e
from p u b e r t a l  f e m a l e s
T r i a l
Humber
C o n t r o l  
U r i n e  S o u r c e
A nim a ls
T e s t e d
M ales  E x h i b i t i n g  
C o u r t s h i p  R e s p o n s e s
C o n t r o l
U r i n e ( s )
P u b e r t a l  Female 
U r in e
1 P r e m o l t  m a l e s 6 0 1
2 P r e m o l t  m a l e s 6 0 0
3 P r e m o l t  m a l e s 6 0 5
4 P r e m o l t  m a le s  
& M a t u r e  f e m a l e s * 6 0 1
5 P r e m o l t  m a le s  
& M a t u r e  f e m a l e s 6 a 1
6 P r e m o l t  m a l e s  
& M a t u r e  f e m a l e s 6 U 2
7 P r e m o l t  m a l e s  
4 M a t u r e  f e m a l e s 6 0 5
T o t a l it 2 15
* I n  t r i a l s  4 t h r o u g h  7 c o n t r o l  u r i n e s  from b o t h  p r e m o l t  m a le s  and 
m a t u r e  f e m a l e s  w e r e  s e q u e n t i a l l y  i n t r o d u c e d  t o  t e s t  m a l e s .
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taull  I I I
C o u r t s h i p  r e s p o n s e s  o f  m a t u r e  male b i n e  c r a b s  w i t h  v i s u a l  In form at ion  
f rom  p u b e r t a l  f e m a l e s  a l o n e  and  i n  c o n j u n c t i o n  w i t h  pheromone.  Numbers 
i n  p a r e n t h e s i s  I n d i c a t e  number  o f  t e s t - m a l e s  p a s s i n g  w i t h i n  10cm of 
f e m a l e  d u r i n g  " v i s u a l  a l o n e "  phase  o f  each  t r i a l
T r i a l  A n im a ls  Males E x h i b i t i n g
Number T e s t e d  C o u r t s h i p  Responses
V is u a l  V is u a l  &
A lone  Pheromone
1 6 ( 5 ) 0 6
2 6 ( 6 )  0 4
3 6 ( 6 )  0 2
A 6 ( 5 )  0 1
T o t a l  2 4 ( 2 2 ) 0 13
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em b ra ced  t h e  c y l i n d e r  w i t h  t h e i r  c h e l a e .  N e v e r t h e l e s s ,  t h e r e  was no 
o b v i o u s  p r e f e r e n t i a l  o r i e n t a t i o n  o f  d i s p l a y  t o w a r d s  t h e  f e m a l e  s i n c e  
t h e s e  m a le s  a l s o  d i r e c t e d  t h e i r  c o u r t s h i p  b e h a v i o r  t o w a r d s  o t h e r  t e s t -  
m a le s  s u b s e q u e n t l y  p a s s i n g  i n  c l o s e  p r o x i m i t y *  S i m i l a r  r e s u l t s  w ere  
r e c o r d e d  when a f e m a l e  w h ich  h a d  r e c e n t l y  u n d e r g o n e  t h e  p u b e r t a l  mol t  
was p l a c e d  i n  t h e  c y l i n d e r ;  m a l e s  o n l y  e x h i b i t e d  c o u r t s h i p  r e s p o n s e s  
when w a t e r  was o v e r f l o w e d  f rom  t h e  c y l i n d e r *
R e c e p t o r  L o c a l i z a t i o n
I n  m a l e s  w i th  b o t h  f l a g e l l a  o f  t h e  a n t e n n u l e s  b i l a t e r a l l y  a m p u ta t e d  
o n l y  a s i n g l e  c o u r t s h i p  r e s p o n s e  was  s e e n  o u t  o f  15 a n i m a l s  t e s t e d  
( T a b l e  I V ) , and t h i H  s i n g l e  r e s p o n s e  was o b s e r v e d  i n  a  m a l e  w h ic h  
e x h i b i t e d  t h e  b e h a v i o r  d u r i n g  t h e  c o n t r o l  o b s e r v a t i o n  p e r i o d .  However ,  
c o u r t s h i p  r e s p o n s e s  w ere  o b s e r v e d  i n  13 o f  15 m a l e s  w i t h  b o t h  a n t e n n a e  
a b l a t e d *  The n u l l  h y p o t h e s i s  was  r e j e c t e d  on t h e  b a s i s  o f  a  h i g h l y  
s i g n i f i c a n t  (P < * 0 0 l )  c h i - s q u a r e  v a l u e  o f  1 6 , 2 1  f o r  t h i s  d i s t r i b u t i o n  
□f c o u r t s h i p  r e s p o n s e s *
As i n  t h e  " V i s u a l  Cues"  e x p e r i m e n t s ,  no r e a c t i o n s  w e r e  n o t e d  when 
11 m a le s  p a s s e d  w i t h i n  10 cm o f  t h e  f e m a l e  c o m p a r t m e n t  d u r i n g  t h e  
c o n t r o l  o b s e r v a t i o n  p e r i o d s .  D u r i n g  t h e  o v e r f l o w  p h a s e s  s i x  m a le s  
d i s p l a y e d  t o w a r d s  t h e  f e m a l e s .  H ow ever ,  a g a i n  t h e  v i s u a l  i n f o r m a t i o n  
from f e m a l e s  i n  c o n j u n c t i o n  w i t h  pherom one  d i d  n o t  a p p e a r  t o  con v ey  
d i r e c t i o n a l i t y  t o  a  g r e a t e r  d e g r e e  t h a n  d i d  v i s u a l  s t i m u l i  f r o m  o t h e r  
m a le s  *
T w e n t y - f o u r  m a l e s  known t o  e x h i b i t  c o u r t s h i p  b e h a v i o r  i n  t h e  
p r e s e n c e  o f  pherom one  w ere  t e s t e d  a f t e r  r e m o v i n g  t h e  o u t e r  f l a g e l l u m  
from e a c h  a n t e n n u l e  ( T a b l e  V ) ,  O n ly  one  m a l e  r e s p o n d e d  a f t e r  a b l a t i o n ,
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TABLE IV
C o u r t s h i p  r e s p o n s e s  o f  m a t u r e  male b l u e  c r a b s  f o l l o w i n g  a n t e n n a  o r
a n t e n n u l e  a b l a t i o n
T r i a l
Number
1
2
3
4
5
A n t e n n a e  A b la t e d A n t e n n u l e s  A b l a t e d
A nim a ls  
Tea t e d
3
3
3
3
3
C o u r t s h  ip  
R e s p o n s e s
2
3
3
3
2
A n i m a l s
T e s t e d
3
3
3
3
3
C o u r t s h i p
R e s p o n s e s
Cl
1
0
0
0
T o ta l 15 13 15
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TABLE V
C o u r t s h i p  r e s p o n s e s  o f  m a t u r e  m a le  b l u e  c r a b s  f o l l o w i n g  o u t e r  f l a g e l l u m
a b l a t i o n
T r i a l
Number
S e r i e s  1* 
1 
1 
3
C o n t r o l O u t e r  F l a g e l l a  A b la t e d
A nim a ls
T e s t e d
2
2
2
C o u r t s h i p
R e s p o n s e s
2
2
1
Anim als
T e s t e d
A
k
A
C o u r t s h i p
R esp o n ses
0
0
0
T o t a l 12
S e r i e s  2** 
1 
2 
3 
A
3
3
3
2
2
2
3
2
3
3
3
3
0
1
0
0
T o t a l 11 12
* C o n t r o l  a n i m a l s  had  no a b l a t i o n s .
** C o n t r o l  a n i m a l s  had  i n n e r  f l a g e l l u m  o f  a n t e n n u l e s  a b l a t e d .
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and t h a t  c r a b  bad been a c t i v e l y  d i s p l a y i n g  d u r i n g  t h e  c o n t r o l  
o b s e r v a t i o n  p e r i o d .  B i l a t e r a l  a b l a t i o n s  o f  t h e  i n n e r  f l a g e l l a  f rom  
a n t e n n u l e s  ( S e r i e s  2) d id  n o t  a p p r e c i a b l y  a l t e r  c o u r t s h i p  b e h a v i o r .
Hie  n u l l  h y p o t h e s i s  was r e j e c t e d  on t h e  b a s i s  o f  a v a l u e  f o r  P < .0 0 1  
f o r  S e r i e s  1 ,  and a c h i - s q u a r e  v a l u e  o f  9 , 0 0  (P < .U1)  f o r  S e r i e s  2.
D u r in g  t h e  c o n t r o l  o b s e r v a t i o n  p e r i o d s  i n  a l l  a b l a t i o n  e x p e r i m e n t s ,  
no  o v e r t  d i f f e r e n c e s  in  a c t i v i t i e s  w e r e  n o t e d  b e t w e e n  c o n t r o l  a n d  
e x p e r i m e n t a l  a n i m a l s .  In  a d d i t i o n ,  t h o s e  m a le s  w i t h  p o r t i o n s  o f  
t h e i r  a n t e n n u l e s  a b l a t e d  c o n t i n u e d  t h e  n o r m a l  f l i c k i n g  a c t i o n s  o f  
t h e s e  a p p e n d a g e s ,
At t h e  c o m p le t i o n  o f  a l l  t r i a l s  t h e  r e a c t i o n s  o f  e x p e r i m e n t a l  
m a l e s  ( b o t h  f l a g e l l a  o r  o u t e r  f l a g e l l a  a b l a t e d )  w e r e  e x a m in e d  when 
p r e s e n t e d  w i t h  p u b e r t a l  f e m a l e s .  Of t h e  39 m a l e s  o b s e r v e d ,  e i g h t  
f a i l e d  t o  assume t h e  c r a d l e - c a r r y  e v e n  when c o n t a c t  was  r e p e a t e d l y  
made by a f e m a l e .  T w en ty - seve n  o f  t h e  31 s u c c e s s f u l  c o u p l i n g s  w ere  
i n i t i a t e d  by  t h e  p u b e r t a l  f e m a l e ,  a n d  f o u r  w e r e  i n i t i a t e d  by t h e  m a le .  
I n  a d d i t i o n ,  t h r e e  m a les  w e re  p r e s e n t e d  w i t h  r e c e n t l y - m o l t e d , m a t u r e  
f e m a l e s ,  a n d  i n  each  c a s e  n o rm a l  c o p u l a t i o n  was o b s e r v e d .  E x c e p t  i n  
t h e  f o u r  I n d i v i d u a l s  which  i n i t i a t e d  c o u p l i n g ,  m a le  r e s p o n s e s  t o  
p u b e r t a l  f e m a l e s  were  g e n e r a l l y  s l u g g i s h .
Pheromone  A t t r a c t i o n
The r e s u l t s  o f  e x p e r i m e n t s  d e s i g n e d  t o  t e s t  f o r  h e t e r o s e x u a l  
a t t r a c t i o n  v i a  chem ica l  s t i m u l i  a r e  shown i n  T a b l e s  VI and V I I .  T a b l e  
VI l i s t s  t h e  r e s u l t s  o f  c o n t r o l  t r i a l s  i n  w h ich  t h e r e  was  no d i f f e r e n c e  
i n  t h e  e f f l u e n t s  o f  th e  r i g h t  and  l e f t  c o m p a r t m e n t s .  I n  b o t h  m a t u r e  
m a l e  and p u b e r t a l  fem a le  t e s t a  t h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e
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TABLE VI
C o n t r o l  pheromone a t t r a c t i o n  t e s t s  o f  m a tu r e  m a le  and p u b e r t a l  f e m a l e
b l u e  o r a b s
C r a b s  C h o o s in g
A n im a ls  L e f t  K ig h t
T e s t e d  Compartment Compar tment
Male t r i a l  
Female t r i a l
31
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(P>G*50 and P ~ 1 , 0 ,  r e s p e c t i v e l y )  i n  t h e  com par tm en t  c h o i c e s  o f  t h o s e  
c r a b s  m a k ing  a s e l e c t i o n .
T a b l e  V I I  l i s t s  t h e  c o m p a r tm e n t  c h o i c e s  o f  m a t u r e  m a l e s  (Male 
T r i a l s )  when p r e s e n t e d  w i t h  d i f f e r e n t i a l  e f f l u e n t s *  Na p r e f e r e n c e  f o r  
e f f l u e n t  from p u b e r t a l  f e m a l e s  was  d e m o n s t r a t e d  In  t h e s e  e x p e r i m e n t s ;  
a  c h i - s q u a r e  t e a t  t o  c o m p are  t h e  c h o i c e  d i s t r i b u t i o n s  o f  t h o s e  c r a b s  
s e l e c t i n g  a co m p a r tm e n t  i n d i c a t e d  a n o n s i g n i f i c a n t  d i f f e r e n c e  ( F > 0 . 5 0 ) ,  
Uowever,  i n  e x p e r i m e n t s  e x a m in in g  t h e  p r e f e r e n c e s  o f  p u b e r t a l  f e m a le s  
(T ab le  VII* F em a le  T r i a l s )  a s i g n i f i c a n t  number c h o s e  t h e  m a l e  e f f l u e n t  
com par tm en t  (P < 0 * 0 5 ) ,  I n  a d d i t i o n ,  t h e  c h o i c e s  o f  f e m a l e s  w h i c h  had 
r e c e n t l y  ( w i t h i n  24 h r )  u n d e r g o n e  t h e  m a t u r i t y  m o l t  were  a l s o  r e c o r d e d *  
Of n i n e  a n i m a l s  t e s t e d ,  f o u r  c h o s e  t h e  m a le  e f f l u e n t  c o m p a r t m e n t ;  o n l y  
one c h o s e  t h e  c o n t r o l *
A l l  m a l e s  u s e d  i n  t h e s e  e x p e r i m e n t s  had b een  p r e t e s t e d  f o r  t h e i r  
c r a d l e - c a r r y  r e s p o n s e s .  In  an  a t t e m p t  t o  c h a r a c t e r i z e  any  m o r p h o l o g i c  
c a l  d i f f e r e n c e s  b e tw e e n  m a l e s  r e a c t i n g  p o s i t i v e l y  and  t h o s e  n o t  r e ­
s p o n d i n g ,  c o m p a r i s o n s  w e r e  made on t h e  b a s i s  o f  s i z e  ( c a r a p a c e  s h o r t -  
v l d t h )  a s  w e l l  a s  number  o f  a u t o t o m i z e d  p e reo p o d s *  Of 151 p o s i t i v e l y -  
r e s p o n d i n g  and  42 n e g a t i v e l y - r e s p o n d i n g  a n i m a l s  e x a m in e d ,  36% and  52%, 
r e s p e c t i v e l y ,  were  i n t a c t ;  w h e r e a s  t h e  r e m a i n i n g  c r a b s  had a n  a v e r a g e  
o f  1 , 4  a p p e n d a g e s  m i s s i n g  in  p o s i t i v e l y - r e s p o n d i n g  a n i m a l s  a n d  1*3 
m i s s i n g  i n  t h o s e  n o t  r e s p o n d i n g .  T h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  
i n  s i z e  b e tw e e n  t h e  two g r o u p s  when compared  u s i n g  a  t w o - t a i l e d  
S t u d e n t ’ s  t - t e s t  ( P < 0 .0 2 ) «  P o s i t i v e l y - r e s p o n d i n g  m a le s  had a  mean 
w i d t h  o f  1 0 8 . 1  + 1 - 1  mm (95% c o n f i d e n c e  i n t e r v a l ) ;  n e g a t i v e l y - r e s p o n d i n g  
a n i m a l s  w e re  1 0 5 .3  jf  1 , 9  mm (95% c o n f i d e n c e  i n t e r v a l )  i n  c a r a p a c e  
w id th .
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D i s c u s s i o n
The d a t a  from t h e s e  e x p e r i m e n t s  i n d i c a t e  a pheromone i s  p r e s e n t  
i n  t h e  u r i n e  o f  p r e -  and p o s t - p u b e r t a l  m o l t  f e m a l e s  o f  C a l l i n e c t e s  
a a p i d u s ■ T h i s  pheromone i s  r e l e a s e d  by t h e  f e m a l e  t o  t h e  s u r r o u n d i n g  
w a t e r  w h e re  i t  r e l e a s e s  c o u r t s h i p  b e h a v i o r  i n  m a l e s ,  R e s p o n s i v e  ma les  
d e t e c t  t h e  s u b s t a n c e  p r i m a r i l y  v i a  c h e m o r e c e p t o r s  on t h e  o u t e r  f l a g e l l a  
o f  t h e  a n t e n n u l e s .  T h e re  was no e v i d e n c e  t o  i n d i c a t e  t h a t  m a l e s  a r e  
a t t r a c t e d  t o  p u b e r t a l  f e m a le s  by t h i s  pheromone o r  o t h e r  c h e m i c a l  
s t i m u l i ;  how eve r ,  c h e m i c a l  i n f o r m a t i o n  may be u s e d  by p u b e r t a l  Females 
to  l o c a t e  m a l e s .
R e l a t i v e  to  o t h e r  s e n s o r y  I n f o r m a t i o n  t h e  pheromone o f  p u b e r t a l  
f em a les  I s  o f  paramount im p o r t a n c e  i n  i n i t i a t i n g  t h e  c o u p l i n g  i n t e r ­
a c t i o n s  o f  m a l e - f e m a l e  p a i r s .  S e v e r a l  o b s e r v a t i o n s  s u p p o r t  t h i s  
c o n c l u s i o n :  (1)  i n  p r e l i m i n a r y  e x p e r i m e n t s  in  w h ic h  m a le s  w e re
i n d i v i d u a l l y  t e s t e d ,  and  th u s  n o t  e x p o s e d  t o  any v i s u a l  o r  t a c t i l e  
a t i n f l a t i o n  from o t h e r  c r a b s ,  f u l l  c o u r t s h i p  d i s p l a y s  c o u l d  be  r e l e a s e d  
when e f f l u e n t  c o n t a i n i n g  pheromone was i n t r o d u c e d  t o  them; (2)  i n  t h o s e  
e x p e r i m e n t s  i n  which m a l e - f e m a l e  p a i r s  w e re  d e p r i v e d  o f  any v i s u a l  
i n f o r m a t i o n ,  c o u p l i n g  was n e v e r t h e l e s s  o b s e r v e d ;  (3)  v i s u a l  i n f o r m a t i o n  
a l o n e  f rom  p u b e r t a l  f e m a le s  w q b  n o t  s u f f i c i e n t  t o  t r i g g e r  c o u r t s h i p  
b e h a v i o r  i n  m a l e s ;  (4) c o u p l i n g  a t t e m p t s  by m a le s  d i r e c t e d  t o w a r d s  
o t h e r  m a le s  i n  t h e  p r e s e n c e  o f  pheromone s u g g e s t s  a l a c k  o f  a b i l i t y  
t o  d i s c r i m i n a t e  p u b e r t a l  f em a les  f ro m  o t h e r  c r a b s  on t h e  b a s i s  o f  
v i s u a l  and  t a c t i l e  i n f o r m a t i o n ;  ( 5 )  w h e re  v i s u a l  i n f o r m a t i o n  f rom 
p u b e r t a l  f e m a le s  was p r e s e n t e d  s i m u l t a n e o u s l y  w i t h  phe rom one ,  t e s t - m a l e s  
d i d  n o t  a p p e a r  t o  be p r e f e r e n t i a l l y  a t t r a c t e d .  T h e s e  o b s e r v a t i o n s  
s u g g e s t  t h a t  t h e  pheromone r e l e a s e s  c r a d l e - c a r r y  b e h a v i o r  i n  t h e  ma le
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which  th e n  u t i l i z e s  v i s u a l  a n d / o r  t a c t i l e  I n f o r m a t i o n  t o  o r i e n t  t h i s  
r e s p o n s e  t o w a r d s  any c r a b  i n  t h e  im m e d ia te  v i c i n i t y .  P r e s u m a b l y  t h e s e  
a c t i o n s  on Che p a r t  o f  t h e  m a le  s y n c h r o n i z e  w i t h  t h e  i n t r i n s i c  
t h i g m o t a c t i c  b e h a v i o r  o f  p u b e r t a l  f e m a l e s  to  i n s u r e  s u c c e s s f u l  c o u p l i n g .
The a p p a r e n t  i n a b i l i t y  o f  m a le s  t o  d i s c e r n  p o t e n t i a l  m a t e s  from 
o t h e r  c o n e p e c i f i c s  by means  o f  v i s u a l  and t a c t i l e  i n f o r m a t i o n  h a s  b e e n  
i m p l i c a t e d  i n  s e v e r a l  o t h e r  a q u a t i c  c r u s t a c e a n s ,  C h i d e s t e r  ( 1 9 1 1 )  
i n v e s t i g a t e d  m a t i n g  b e h a v i o r  i n  C. s a p i d u s , C a n c e r  i r r o r a t u s , O v a l i p e s  
o c e j l a t u s  and C a r c i n u s  m aenas  a s  w e l l  a s  Cambarus ( C h i d e s t e r  1 9 0 8 ) .
He o b s e r v e d  t h a t  m a les  wou ld  a t t e m p t  c o p u l a t i o n  w i t h  o t h e r  n o n s p e c i f i c  
m a l e s ,  and c o n c l u d e d  t h e  a b i l i t y  of  t h e  m a le  t o  d i s t i n g u i s h  t h e  s e x e s  
i s  p r i m a r i l y  b a s e d  on i t s  i n a b i l i t y  t o  h o l d  a n d  c o p u l a t e  w i t h  a n o t h e r  
m a le ,  S i m i l a r  r e s u l t s  w e r e  a l s o  r e p o r t e d  by Andrews (191G) and 
B ro ekhuysen  ( 1 9 3 7 )  i n  Cambqrus a f f i n i s  and  C^ . m a e n a s „ r e s p e c t i v e l y .
Ryan (1966)  n o t e d  t h a t  a p h e r o m o n e - s t i m u l a t e d  m a le  o f  F o r t u n p s  
s a n g u i n o l e n t u s  would  a t t e m p t  t o  m a n e u v e r  w h a t e v e r  c r a b  i t  came i n  
c o n t a c t  w i t h ,  m a le  o r  f e m a l e ,  i n t o  t h e  p r e c o p u l a t o r y  h o l d i n g  p o s i t i o n .  
T a k a h a s h i  (19 74) o b s e r v e d  s i m i l a r  b e h a v i o r  t n  C a n c e r  m a g i s t e r ; h i g h l y  
s t i m u l a t e d  m a l e s  would g r a s p  o t h e r  m a l e s  a s  w e l l  a s  i n a n i m a t e  o b j e c t s .
In  a d d i t i o n ,  m a l e s  o f  F a l a e m o n  p a u c i d e n s  w e re  found  t o  be  u n r e s p o n s i v e  
t o  a p o t e n t i a l  m a te  when p r e s e n t e d  t o  them i n  a s e a l e d  g l a s s  t u b e  
(K amiguch i  1 9 7 2 b ) ,
Of t h o s e  s p e c i e s  i n  w h ic h  pheromone r e l e a s e  o f  m a le  c o u r t s h i p  
b e h a v i o r  has  b e e n  d e m o n s t r a t e d  [C^ . m aenas  ( H a l e s  1 9 7 4 ) ;  P_. p a u c i d e n s  
(K amiguch i  1 9 7 2 b ) ;  P^ . s a n g u l n o l e n t u s  (Ryan 1 9 6 6 ) ;  m a g i s t e r  ( T a k a h a s h i  
1 9 7 4 ) ;  C^ . s a p i d u s  ( p r e s e n t  s t u d y ) ]  i t  a p p e a r s  t h a t  v i s u a l  a n d / o r  t a c t i l e  
s e n s o r y  i n p u t  i s  s e c o n d a r y  t o  c h e m i c a l  i n f o r m a t i o n  i n  i n i t i a t i n g  t h i s
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b e h a v i o r ,  and s e r v e s  p r i n c i p a l l y  In  o r i e n t a t i o n  o f  t h e  m a l e ’ s r e s p o n s e .  
S e v e r a l  a q u a t i c  c r u s t a c e a n s  show a s i m i l a r  h i e r a r c h y  o f  s e n s o r y  
i n f o r m a t i o n  In i n i t i a t i n g  and d i r e c t i n g  f e e d i n g  r e s p o n s e s  ( F u z e s s e r y  
and C h i l d r e s s  1973; H a z l e t t  19613; H in d le y  1975;  Symonds 1964) .
A l t h o u g h  i n i t i a l  r e c o g n i t i o n  o f  a  p o t e n t i a l  mate  a p p e a r s  t o  be p r i m a r i l y  
c h e m i c a l l y  m e d i a t e d ,  f i n a l  d i s c r i m i n a t i o n  may, n e v e r t h e l e s s ,  i n v o l v e  
o t h e r  s e n s o r y  m o d a l i t i e s  a s  w e l l .  F u r t h e r m o r e ,  I t  i s  p r o b a b l e  t h a t  
t h e  r e s p o n s e s  o f  females  a r e  o f  i m p o r t a n c e  in  c o m p l e m e n t i n g  th e  m a l e ' s  
b e h a v i o r  a n d ,  t h u s ,  In f a c i l i t a t i n g  p a i r i n g .
Pheram ones  have been r e p o r t e d  in  t h e  u r i n e  o f  s e v e r a l  c r u s t a c e a n  
s p e c i e s  ( C h r i s t o f f e r s o n  1970;  E a l e s  1974;  Hammond e t  a l .  1975; McLeese 
e t  a l .  1 9 7 7 ;  R n ju lu  1973) ,  A l t h o u g h  r e l e a s e  to  t h e  e n v i ro n m e n t  v i a  
t h i s  r o u t e  would  appear t o  be  a r e a s o n a b l e  s u p p o s i t i o n ,  o n l y  one s t u d y  
h a s  s p e c i f i c a l l y  i n v e s t i g a t e d  t h e  q u e s t i o n ,  Ryan ( 1 9 6 6 )  was a b l e  t o  
b l o c k  pheromone r e l e a s e  i n  p r e m o l t  f e m a l e s  o f  P_. s a n g u l n o l e n t u s  by 
s e a l i n g  t h e  a n t e n n a l  g l a n d  p o r e s  w i t h  p a r a f f i n ;  s u b s e q u e n t  removal  o f  
t h e  p l u g s  i n d i c a t e d  th e  pherom one  c o u l d  a g a i n  be r e l e a s e d .
C h r i s t o f  f e r s o n  (1974) found  t h a t  f e m a l e s  o f  t h i s  s p e c i e s  d i d  n o t  r e l e a s e  
pheromone when r e t a i n e d  by m a le s  i n  t h e  p r e c o p u l a t o r y  h o l d i n g  p o s i t i o n  
o r  when a r t i f i c i a l l y  h e l d .
A l th o u g h  t h e  f a c t o r s  i n v o l v e d  In pheromone r e l e a s e  were  n o t  
s p e c i f i c a l l y  examined in  t h e  p r e s e n t  s t u d y ,  e v i d e n c e  o f  t h e  b l u e  c r a b ' s  
a h i l l t y  t o  r e g u l a t e  u r i n e  e v a c u a t i o n  was n o t e d .  D u r i n g  u r i n e  c o l l e c ­
t i o n s ,  s a m p l e s  c o u l d  g e n e r a l l y  b e  o b t a i n e d  by r a i s i n g  t h e  o pe rcu lum  
□f t h e  n e p h r o p o r e ;  the volume r e l e a s e d  f r o m  i n t e r m o l t  c r a b s  b e i n g  
g r e a t e r  t h a n  t h a t  from t h o s e  i n  t h e  p r e m o l t  c o n d i t i o n  (one  o r  more 
m i l l i l i t e r s  f rom i n t e r m o l t  a n i m a l s  a s  o p p o s e d  t o  l e s s  t h a n  one
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m i l 1 1 1 i t e r  i n  premoLt c r a b s ) , I t  was o f t e n  t h e  e e s e ,  e s p e c i a l l y  In 
p r e m o l t  a n i m a l s ,  t h a t  i n i t i a l l y  no u r i n e  was d i s c h a r g e d -  N e v e r t h e l e s s ,  
w i t h  p e r s i s t e n c e  u r i n e  c o u l d  f r e q u e n t l y  be c o l l e c t e d  from t h e s e  
I n d i v i d u a l s .  O f te n  i t  was s p u r t e d  i n t o  t h e  a i r ;  a  phenomenon d e s c r i b e d  
p r e v i o u s l y  by  Maluf (1941)  i n  t h i s  and o t h e r  c r u s t a c e a n  s p e c i e s .  T h i s  
o b s e r v a t i o n  i n d i c a t e s  £ .  s a p i d u s  a t  l e a s t  h a s  t h e  c a p a b i l i t y  t o  r e g u l a t e  
t h e  d i s c h a r g e  o f  u r i n e  a n d ,  t h e r e f o r e ,  t h e  r e l e a s e  o f  pheromone by 
p u b e r t a l  f e m a l e s .
S e v e r a l  s t u d i e s  h a v e  I m p l i c a t e d  th e  a n t e n n u l e s  a s  s i t e s  f o r  low-  
t h r e s h o l d  c h e m o r e c e p t i o n  i n  c r u s t a c e a n s  ( H a z l e t t  1 9 7 1 ) .  I n  C_. s a p i d u s  
a b l a t i o n  o f  t h e s e  ap p e n d a g e s  from m a le s  was e f f e c t i v e  in  p r e v e n t i n g  
ph&rom one-media ted  b e h a v i o r .  F u r t h e r m o r e ,  r e m o v a l  o f  o n l y  t h e  o u t e r  
f l a g e l l a  ( s t r u c t u r e s  on which t h e  a e s t h e t a s c s  a r e  l o c a t e d  i n  t h i s  
s p e c i e s )  e f f e c t e d  t h e  same r e s u l t .  No o b v io u s  t r a u m a t i c  e f f e c t s  were  
o b s e r v e d  f ro m  the o p e r a t i o n s  a s  Judged  by t h e  m o to r  a c t i v i t i e s  o f  t h e  
e x p e r i m e n t a l  c r a b s  r e l a t i v e  t o  c o n t r o l  a n i m a l s ;  and i n  p r e l i m i n a r y  
s t u d i e s  i n  w hich  o n l y  s i n g l e  a n t e n n u l e s  were  a m p u t a t e d ,  normal  c o u r t ­
s h i p  r e s p o n s e s  were  o b s e r v e d .
In  s t u d i e s  w i t h  o t h e r  c r u s t a c e a n s  a n t e n n u l e  a b l a t i o n  h a s  b e e n  
shown t o  p r e c l u d e  com m un ica t ion  v i a  c h e m ica l  i n f o r m a t i o n .  U s ing  t h i s  
t e c h n i q u e  h o s t  l o c a t i o n  i n  two commensal B e ta e u a  s p e c i e s  was p r e v e n t e d  
(Ache 1 9 7 5 ) ,  M oreover ,  r e s u l t s  s i m i l a r  t o  t h o s e  i n  s a p i d u s  were  
r e p o r t e d  f o r  p h e ro m o n e - in d u ced  r e s p o n s e s  in  F ro c a m b a ru s  c l a r k i l  
{Ameyaw-Akumfi and H a z l e t t  1975) and £ .  a a n g u i n o L e n t u s  ( C h r l a t o f f e r s o n  
L972) .  I n  t h e  l a t t e r  s t u d y ,  how eve r ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  
i n n e r  and o u t e r  f l a g e l l a  o f  t h e  a n t e n n u i e s  w e re  m i s l a b e l e d  
( C h r i s t o f f e r a o n , p e r s o n a l  co rn im n ic a t io n ) .
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I t  c o u l d  be a r g u e d  t h a t  r em o v a l  o f  theHe I m p o r t a n t  s e n s o r y  
c h a n n e l s  ( a n t e n n u l e s )  could  p o t e n t i a l l y  a l t e r  t h e  a n i m a l ' s  b e h a v i o r  
t o  s uch  a n  e x t e n t  a s  t o  r e s u l t  i n  f a l s e - n e g a t i v e  r e s p o n s e s .  In  t h e  
p r e s e n t  s t u d y ,  a t  t h e  c o n c l u s i o n  o f  each  a b l a t i o n  e x p e r i m e n t ,  t h e  
r e a c t i o n s  o f  ma les  h a v i n g  b o th  f l a g e l l a  o f  t h e  a n t e n n u l e s  o r  o n ly  th e  
o u t e r  f l a g e l l a  removed were o b s e r v e d  when p u b e r t a l  f e m a le s  w ere  i n t r o ­
d u ced .  The m a j o r i t y  e x h i b i t e d  no rm al  c r a d l e - c a r r y  o r  c o p u l a t i o n  
b e h a v i o r  once  i n i t i a t e d ,  and t h i s  i n i t i a t i o n  w as ,  i n  moat c a s e s ,  f o r c e d  
by t h e  fem a le  m a n e u v e r in g  h e r s e l f  i n t o  p o s i t i o n .  The m a l e ' s  r e s p o n s e s  
t o  t h e  fem a le  w e re  g e n e r a l l y  s l u g g i s h ,  b u t ,  n e v e r t h e l e s s ,  t h e  b a s i c  
b e h a v i o r  p a t t e r n  was i n t a c t ; p o s s i b l y  m e d ia t e d  by h i g h - t h r e s h o l d  
c h e m o r e c e p t o r s  ( c o n t a c t - c h e m o r e c e p t a r s )  a n d / o r  o t h e r  s e n s o r y  i n f o r m a ­
t i o n .  The n e g a t i v e  r e s p o n s e s  d u r i n g  pheromone i n t r o d u c t i o n  and t h e  
s l u g g i s h  r e a c t i o n  o f  ma les  when p r e s e n t e d  w i t h  p u b e r t a l  f e m a le s  a r e  
I n t e r p r e t e d  a s  a consequenc e  o f  t h e  d e f i c i e n c y  i n  pheromone i n p u t  
v i a  c h e m o r e c e p t o r s  i n  t h e  o u t e r  f l a g e l l a  o f  t h e  a n t e n n u l e s .  In  l i g h t  
o f  t h e  f a c t  t h a t  o t h e r  motor  a c t i v i t i e s  i n  a b l a t e d  c r a b s  a p p e a r e d  
n o r m a l ,  i t  i s  n o t  b e l i e v e d  t h e s e  r e s u l t s  w ere  due t o  a  g e n e r a l  
d y s f u n c t i o n  o f  b e h a v i o r .
I n  some o rg a n i s m s  a s i n g l e  pheromone s e r v e s  t h e  dua l  f u n c t i o n  o f  
a t t r a c t i n g  a member o f  the  o p p o s i t e  sex  as w e l l  a s  i n d u c i n g  c o u r t s h i p  
o r  c o p u l a t i o n ;  i n  o t h e r  s p e c i e s  d i f f e r e n t  pheromones  may be u t i l i z e d  
f o r  t h e s e  p u r p o s e s .  In  a d d i t i o n ,  t h e  v a r i o u s  a s p e c t s  o f  c l o s e - r a n g e  
s e x u a l  b e h a v i o r  ( e . g .  a t t e n d a n c e  o f  t h e  m a le ;  female  c o p u l a t i o n  
b e h a v i o r ;  male c o p u l a t i o n  b e h a v i o r )  may be m e d i a t e d  by one o r  more 
pheromonea (Shorey  1 976 ) ,  In  t h e  p r e s e n t  s t u d y  no e v i d e n c e  was 
o b t a i n e d  t o  I n d i c a t e  t h e  pheromone r e l e a s e d  by  p u b e r t a l  f e m a le s  o r
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o t h e r  c h e m i c a l  s t i m u l i  a r e  u s e d  t o  a t t r a c t  m a le s  from a  d i s t a n c e .  
H o w e v e r ,  p u b e r t a l  f e m a l e s  d id  d e m o n s t r a t e  an  a b i l i t y  t o  u t i l i z e  
c h e m i c a l  i n f o r m a t i o n  t o  l o c a t e  m a le s ;  a l b e i t  t h e  m e c l i a n i s m (s )  o f  
o r i e n t a t i o n  was n o t  I n v e s t i g a t e d .  These d a t a  a r e  f u r t h e r  s u p p o r t e d  
b y  T e y t a u d ' s  ( 1 9 7 1 )  s t u d i e s  In  w h ich  lie c o n c l u d e d  t h a t  p u b e r t a l  
f e m a l e s  o f  C. s a p i d u s  a r e  a b l e  t o  d i s c r i m i n a t e  be tw een  a d u l t  m u le s  
a n d  f e m a l e s , a n d  " o l f a c t o r y "  s t i m u l i  a p p e a r  t o  be  o f  p r i m a r y  I m p o r t a n c e  
i n  m a k i n g  t h i s  d i s t i n c t i o n .  F u r t h e r m o r e ,  c o m m e rc i a l  c r a b b e r s  i n  p a r t s  
o f  t h e  C h e s a p e a k e  Bay a r e  known t o  u t i l i z e  " p e e l e r  p o t s "  w h ic h  a r e  
e f f e c t i v e  i n  c a t c h i n g  p u b e r t a l  f e m a l e s  ( p e e l e r s ) .  The b a i t  u s e d  i n  
t h e s e  p o t s  i s  a  l i v e  m a t u r e  male  c r a b ,
W h e t h e r  o n e  o r  more p h e ro m o n e ( s )  a r e  i n v o l v e d  i n  r e l e a s i n g  
c o p u l a t i o n  b e h a v i o r  i n  s a p i d u s  i s  n o t  known. U r in e  a n d  t a n k  w a t e r  
f r o m  f e m a l e s  w h ic h  had  r e c e n t l y  unde rgone  t h e i r  m a t u r i t y  m o l t  was 
e f f e c t i v e  i n  s t i m u l a t i n g  m a le  c o u r t s h i p  r e s p o n s e s  w h ich  w ere  n o t  
c o n s p i c u o u s l y  d i f f e r e n t  f ro m  t h o s e  e l i c i t e d  by u r i n e  f rom p u b e r t a l  
f e m a l e s .  S i m i l a r  r e s u l t s  w e re  o b t a i n e d  w i t h  p o s t - m o l t  u r i n e  i n  (]. 
m a e n a s  ( B a l e s  1 9 7 4 ) .  However ,  i n  2 , s a n R u i n o l e n t u s  w a t e r  f l o w i n g  p a s t  
n e w l y - m o l t e d  f e m a l e s  d i d  n o t  r e l e a s e  t h e  c h a r a c t e r i s t i c  m a le  c o u r t s h i p  
d i s p l a y  ( C h r i s t o f f e r s o n  1 9 7 0 ) .  In  t h e  b l u e  c r a b ,  c o p u l a t i o n  
g e n e r a l l y  d o e s  n o t  o c c u r  im m e d i a t e l y  a f t e r  t h e  f e m a l e  m o l t s ;  t i le  
c r a d l e - c a r r y  i s  r e a s s u m e d  f o r  s e v e r a l  m i n u t e s  b e f o r e  t h e  p a i r  m a n e u v e r s  
t o  t h e  c o p u l a t i o n  p o s i t i o n ,  and b o t h  t h e  male  and f e m a le  a c t i v e l y  
p a r t i c i p a t e  i n  a s s u m i n g  t h i s  p o s i t i o n .  The  f a c t o r s  i n v o l v e d  i n  
I n i t i a t i n g  t h i s  b e h a v i o r  r e m a in  t o  be  d e t e r m i n e d .
T e y t a u d  ( 1 9 7 1 )  was u n s u c c e s s f u l  In  h i s  a t t e m p t s  t o  d e t e c t  a  
p h e r o m o n e  t h a t  r e l e a s e s  m a le  s e x u a l  b e h a v i o r  i n  £ .  s a p i d u s . I n  t h e
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p r e s e n t  s t u d y ,  t h r o u g h o u t  many o f  t h e  i n i t i a l  e x p e r i m e n t s ,  a 
s u b s t a n t i a l  number o f  m a l e s  t e s t e d  d i d  n o t  e x h i b i t  c o u r t s h i p  r e s p o n s e s  
when e x p o s e d  t o  p h e ro m o n e  w a t e r  o r  u r i n e ,  S e v e r a l  f a c t o r s  were  
p r o b a b l y  r e s p o n s i b l e  f o r  t h i s  ( e . g .  e x p e r i m e n t a l  d e s i g n ,  i n t e r m i t t e n t  
r e l e a s e  o f  p h e ro m o n e ,  t h r e s h o l d  d i f f e r e n c e s  among m a l e s ) .  To a c c o u n t  
f o r  p a r t  o f  t h e  v a r i a b i l i t y ,  o n e  p a r a m e t e r  e x a m in e d  b e f o r e  m a le s  w e r e  
u s e d  i n  e x p e r i m e n t s  w as  t h e i r  c r a d l e - c a r r y  r e s p o n s e .  Com par ing  
r e s p o n s i v e  a n i m a l s  w i t h  n o n - r e s p o n s i v e  c r a b s  on  t h e  b a s i s  o f  s i z e  
( c a r a p a c e  w i d t h ) ,  t h e r e  was a s l i g h t  b u t  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  two g r o u p s ;  t h e  c r a b s  n o t  r e a c t i n g  b e l o n g e d  t o  a p o p u l a t i o n  
o f  s m a l l e r  m a l e s .  S i n c e  a l l  m a l e s  o b t a i n e d  f o r  t h e s e  e x p e r i m e n t s  w e r e  
s e l e c t e d  f o r  g e n e r a l  c o n d i t i o n  a s  w e l l  a s  l a r g e  s i z e ,  i t  i s  p o s s i b l e  
t h a t  a  p o r t i o n  o f  t h e  n o n - r e s p o n s i v e  a n i m a l s  r e p r e s e n t e d  a n  u p p e r -  
l i m l t  s i z e  f o r  l i m u i t u r e  m a l e s  b a s e d  on  b e h a v i o r a l  I n d i c a t i o n s  o f  
m a t u r i t y .  B ased  on m o r p h o l o g i c a l  e v i d e n c e  o f  m a t u r i t y ,  m a l e s  w i t h  
c a r a p a c e  s h o r t - w i d t h s  a b o v e  a p p r o x i m a t e l y  95 mm a r e  g e n e r a l l y  a l l  
m a t u r e  (Van E n g e l ,  p e r s o n a l  c o m m u n i c a t i o n ) .
H ie  c o u p l i n g  b e h a v i o r  i n  C. s a p i d u s  i s  an  i m p o r t a n t  a s p e c t  o f  t h i s  
s p e c i e s '  r e p r o d u c t i v e  b i o l o g y .  I n  t h i s  c o n f i g u r a t i o n  t h e  m a le  s e r v e s  
t o  p r o t e c t  t h e  f e m a l e  f rom  p r e d a t i o n  d u r i n g  h e r  m a t u r i t y  m o l t ,  and 
i s  i n  a t t e n d a n c e  d u r i n g  t h e  b r i e f  p e r i o d  o f  h e r  l i f e  c y c l e  i n  w h ic h  s h e  
can r e c e i v e  s p e r m a t o p h o r e s  f o r  t h e  f e r t i l i z a t i o n  o f  s u b s e q u e n t  
s p a w n i n g s .  I n  t h e  m a r g i n a l  v i s a b i l i t y  c o n d i t i o n s  o f  t h e  e s t u a r y ,  
c h e m i c a l  c o - o r d i n a t i o n  o f  t h i s  b e h a v i o r  w ou ld  h a v e  o b v i o u s  a d a p t i v e  
s i g n i f i c a n c e .  C o n c u r r e n t l y ,  h o w e v e r ,  i n  t h e  c o n t e x t  o f  human a b u s e s  
o f  t h e  e s t u a r y  a s  a  p o l l u t a n t  r e c e p t a c l e  i t  r e p r e s e n t s  a  p o t e n t i a l  
l i a b i l i t y .
PART I I
ELECTROPHYSIOLDGICAL STUDIES
Both b e h a v i o r a l  and e l e c t r o p h y s i o l o g f c a l  e x p e r i m e n t s  have  
d e m o n s t r a t e d  t h a t  t h e  a n t e n n u l e s  o f  many d eca p o d  c r u s t a c e a n s  a r e  th e  
s i t e s  o f  l o w - t h r e s h o l d  ( " d i s t a n c e 11) c h e m o r e c e p t o r s  ( H a z l e t t  1 9 7 1 ) ,
The ab o v e  b e h a v i o r a l  s t u d i e s  w i t h  C a l l l n e c t e s  s a p i d u s  showed t h a t  
a n t e n n u l e  a b l a t i o n  p r e c l u d e d  p h e r o m o n e - m e d l a t e d  c o u r t s h i p  b e h a v i o r  
in  m a l e s ,  and  t h a t  r e m o v a l  o f  o n l y  t h e  o u t e r  f l a g e l l a  f rom  t h e s e  
a p p e n d a g e s  e f f e c t e d  t h e  same r e s u l t .  S i m i l a r  d a t a  have  been  r e p o r t e d  
f o r  p h e r o m o n e - m e d l a t e d  b e h a v i o r  i n  P or tunuf l  s a n g u i n o l e n t u s  
( C h r l s t o f f e r e o n  1 974)  and P r o c a m b a r u s  c l a r k . i l  (Ameyaw-Akumfi and 
H a z l e t t  1 9 7 5 ) ,
The p u r p o s e  o f  t h i s  s t u d y  was  t o  e l e c t r o p h y s l o l o g i c a l l y  m o n i t o r  
c h e m o r e c e p t o r  a c t i v i t y  in  t h e  a n t e n n u l e s  o f  m a le  b lu e  c r a b s  i n  an 
a t t e m p t  t o  d e t e c t  and  c h a r a c t e r i z e  r e s p o n s e s  t o  t h e  pheromone o f  
p u b e r t a l  f e m a l e s .
M a t e r i a l s  a n d  M ethods
T h i s  work, was p e r f o r m e d  a t  F l o r i d a  A t l a n t i c  U n i v e r s i t y .  A n im a ls  
w e re  o b t a i n e d  f r o m  t h e  P i n e  I s l a n d  Sound a r e a  on th e  s o u t h w e s t  F l o r i d a  
c o a s t  and m a i n t a i n e d  i n  a r e c i r c u l a t i n g  a r t i f i c i a l  s e a  w a t e r  s y s t e m  
( s a l i n i t y  1 7 ° / BO) .  A l l  c r a b s  w e re  f e d  w i t h  s h r i m p  u n t i l  s a t e d  e v e r y  
t h i r d  day,
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R e c o r d i n g s  w e r e  made f rom  an  I s o l a t e d  p r e p a r a t i o n  which  c o u ld  
be  m a i n t a i n e d  f o r  more  tK an  f o u r  h o u r s  by  p e r f u s i o n .  Each a n t e n n u l e  
was e x c i s e d  a t  t h e  b a s e  o f  t h e  m e d i a l  s e g m e n t  from m a tu re  male c r a b s .  
The c u t i c l e  o f  t h e  a n t e n n u l e  was t h e n  c l r c u m f e r e n t i a l l y  s co red  two 
t o  t h r e e  m i l l i m e t e r s  f r o m  t h e  c u t  e n d .  T i l l s  a l l o w e d  f o r  t h e  s u b s e q u e n t  
r e m o v a l  o f  a  p r o x i m a l  s e c t i o n  o f  e x o s k o L e t o n  p e r m i t t i n g  d i s s e c t i o n  o f  
t h e  a n t e n n u l a r  n e r v e .  The  t i p  o f  t h e  o u t e r  f l a g e l l u m  was  a l s o  a b l a t e d  
t o  f a c i l i t a t e  i n s e r t i o n  o f  a  g l a s s  c a n n u l a  (110  m ic ro n s  o u t s i d e  d i a ­
m e t e r )  w h i c h  d e l i v e r e d  an  o x y g e n a t e d  c r a b  s a l i n e  ( S t e l n a c k e r  1975) t o  
p e r f u s e  t h e  a n t e n n u l e .
The s t i m u l a t i o n  a p p a r a t u s  was s i m i l a r  t o  t h a t  used  by Ache e t  
a l .  ( 1 9 7 6 ) *  The p r e p a r a t i o n  was  s e c u r e d  i n  a L u c l t e  chamber  (diagrammed 
I n  F i g u r e  5)  by  a  S y l g a r d  s e p t u m  w hich  a l s o  i s o l a t e d  t h e  nerve b a t h  
c o n t a i n i n g  c r a b  s a l i n e  f ro m  t h e  t u b u l a r  s t i m u l u s  cham ber .  A c o n t i n u o u s  
f l o w  (2 m l / m i n )  o f  r e a g e n t - g r a d e  a t t l f i c a l  s e a  w a t e r  ( 1 2 .3 0  gm NaCl,  
0 . 3 4  gm K C l , 0 . 9 3  gm C a C l2 *2H20 ,  2 .3 3  gm MgCl2 *6h20,  3 . 1 5  gm MgSO^• 7H20, 
0 , 0 9  gm NaHC0 3  p e r  l i t e r  o f  d i s t i l l e d  H20 )  h a v i n g  a  s a l i n i t y  of  1 7 ° / o o  
was  m a i n t a i n e d  t h r o u g h  t h e  s t i m u l u s  c h a m b e r .  A s t i m u l u s  p o r t  a l l o w e d  
t h e  I n t r o d u c t i o n  o f  v a r i o u s  t e s t  s t i m u l i  t o  t h e  s e a  w a t e r  f low. Dye 
s t u d i e s  I n d i c a t e d  t h a t  c o n t a c t  w i t h  t h e  a n t e n n u l e  by t h e  s t i m u l u s  f r o n t  
was n e a r l y  i n s t a n t a n e o u s  upon  i n t r o d u c t i o n  o f  a  100 m i c r o l i t e r  s am p le  
t o  t h i s  p o r t .
R e c o r d i n g s  w e r e  made by  r a i s i n g  f i n e l y  d i s s e c t e d  n e r v e  b u nd le s  o u t  
o f  t h e  n e r v e  b a t h  w i t h  a  p l a t i n u m  hook e l e c t r o d e  w h i l e  a  s i l v e r - s i l v e r  
c h l o r i d e  p e l l e t  s e r v e d  t o  g r o u n d  t h e  b a t h .  I n  some p r e p a r a t i o n s ,  
h o w e v e r ,  a  s u c t i o n  e l e c t r o d e  w as  u t i l i z e d .  A f f e r e n t  i m p u l s e s  were 
a m p l i f i e d  by a T e k t r o n i x  2f>A2 d i f f e r e n t i a l  a m p l i f i e r  and  s i m u l t a n e o u s l y
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F i g .  5
D iag ram  o f  tho  9 1 i i iu i ia t  i o n  a p p a r a t u s  f o r  t h e  i s u l a L ^ d  a n t e n n u l e
p r e p a r a t  i o n .
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m o n i t o r e d  w i t h  a T e k t r o n i x  t y p e  561A o s c i l l o s c o p e  and G r a s s  AMS 
a u d i o  m o n i t o r .  A l l  d a t a  w e re  s t o r e d  on m a g n e t i c  t a p e  f o r  s u b s e q u e n t  
k y m o g r a p h i c  r e c o r d i n g  and  a n a l y s i s .
U r i n e  f rom  p u b e r t a l  f e m a l e s  was u s e d  a s  a pheromone s o u r c e ,  
w h e r e a s  c o n t r o l  u r i n e s  w ere  d e r i v e d  from p r e m o l t  m a le s  ( s i m i l a r  s i z e  
and m o l t  c o n d i t i o n  a s  p u b e r t a l  f e m a l e s )  and  m a t u r e  f e m a l e s  w e l l  p a s t  
t h e  p u b e r t a l  m o l t .  A l l  s a m p le s  w e r e  f r a c t i o n s  o f  p o o l e d  u r i n e  b a t c h e s  
w h ich  h a d  b e e n  p r e v i o u s l y  a s s a y e d  b e h a v i o r a l l y . U r in e  sam p le s  were 
d i l u t e d  1 :1 0 0  i n  r e a g e n t - g r a d e  a r t i f i c i a l  s e a  w a t e r  and i n t r o d u c e d  
to  t h e  a n t e n n u l e  p r e p a r a t i o n  i n  100 m i c r o . l i t e r  p a r c e l s  v i a  an 
E p p e n d o r f  m l c r o - p i p e t *
R e s p o n s i v e  c h e m o s e n s o r y  u n i t s  were l o c a t e d  b y  i n t r o d u c i n g  
p i l e r o m o n e - u r i n e  ( u r i n e  f rom  p u b e r t a l  f e m a l e s )  t o  t h e  a n t e n n u l e  w h i l e  
s i m u l t a n e o u s l y  r e c o r d i n g  from random ly  s e l e c t e d  b u n d l e s  t e a s e d  from 
t h e  a n t e n n u l a r  n e r v e .  S i n g l e  u n i t  a c t i v i t i e s  c o u l d  be r e s o l v e d  in  
some c a s e s  w i t h  f u r t h e r  d i s s e c t i o n ;  h o w e v e r ,  most  r e c o r d i n g s  
r e p r e s e n t e d  m u l t i - u n i t  r e s p o n s e s .  F o l l o w i n g  i d e n t i f i c a t i o n  of  a c t i v e  
u n i t s ,  u r i n e  s a m p l e s  w e re  t h e n  s e q u e n t i a l l y  i n t r o d u c e d ;  e a c h  p r e c e d e d  
by a s e a  w a t e r  b l a n k  a n d  f o l l o w e d  by a two m i n u te  wash w i t h  s e a  w a te r*  
To f u r t h e r  c h a r a c t e r i z e  c h e m a r e c e p t o r  s p e c i f i c i t y ,  a  s y n t h e t i c  m i x t u r e  
o f  am ino  a c i d s  i d e n t i c a l  to  t h a t  o f  a  s h r i m p  e x t r a c t  (abdominal  
m u s c l e  o f  P e n a e u s  d o u r a r u m ) was t e s t e d  a l o n g  w i t h  u r i n e  samples  (T ab le  
V I I I ) .  At t h e  e n d  o f  a t e s t  s e r i e s  t h e  p l i e r o m o n e - u r i n e  was a g a i n  
i n t r o d u c e d  t o  m o n i t o r  any c h a n g e  I n  r e s p o n s e  m a g n i t u d e .
R e s u l t s  a n d  D i s c u s s i o n
D i s s e c t i o n  o f  t h e  a n t e n n u l a r  n e r v e  r e v e a l e d  i t  i s  com pr i sed  o f
TABLE VIII
C o n c e n t r a t i o n s  o£ amino a c i d s  i n  m i x t u r e  u sed  t o  t e s t  c h e m o r e c e p t o r
r e s p o n s e s
Compound M o l e s /  l i t e r  
- 1
A l a n i n e 3 . 5 4 X 10
A r g i n i n e 1 . 4 7 X l t r 3
A s p a r a g in e 1 . 6 7 X 10“ 4
A s p a r t i c  Acid 1.  3 8 X IQ-4
G lu ta m a te 2.  28 X 1 0 -4
G lu ta m in e 1 . 0 5 X 1 0 -3
G l y c i n e 1 . 5 6 X IQ- 2
H i s t i d i n e 5 , 4 0 X 10-5
I s o l e u c i n e 1*76 X 1 0-4
L e u c in e 3 , 1 7 X 10"4
L y s i n e 8 , 1 0 X 1 0 - 5
M e th io n in e 1 , 7 3 X 10-4
P h e n y l a l a n i n e 9 . 0 0 X I Q - 5
P r o l i n e 1 , 9 0 X IQ- 3
S e r i n e 2 , 24 X 10~4
T a u r i n e 5 . 5 0 X 1 0 -3
T h r e o n i n e 1 . 0 6 X 10"4
T y r o s i n e 1 . 5 3 X 10-4
V a l i n e 3 . 8 4 X 10~4
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t h r e e  m a jo r  b u n d l e s .  One o f  t h e s e  b u n d l e s  c o n t a i n s  b o t h  m e c h a n o -  and 
chem o se n so ry  u n i t s ,  and  i t  c o u l d  be  e a s i l y  i d e n t i f i e d  i n  e a c h  
p r e p a r a t i o n  by t h e  h i g h  s p o n t a n e o u s  a c t i v i t y  c h a r a c t e r i s t i c  o f  many 
o f  i t s  f i b e r s .  R e p e a t e d  a t t e m p t s  t o  m o n i t o r  a c t i v i t y  i n  t h e  o t h e r  
two m a j o r  b r a n c h e s  o f  t h e  a n t e n n u l a r  n e r v e  w i t h  b o t h  s u c t i o n  and  hook  
e l e c t r o d e  r e c o r d i n g  c o n f i g u r a t i o n s  w e r e  u n s u c c e s s f u l .  T h u s t a l l  d a t a  
I n  t h i s  s t u d y  w e re  o b t a i n e d  f rom  s u b d i v i s i o n s  o f  t h e  s i n g l e  a c t i v e  
b u n d l e .
To i d e n t i f y  t h e  o r i g i n s  o f  t h e  f i b e r s  i n  t h e  a c t i v e  b u n d l e ,  
m e c h a n o s e n s a r y  r e s p o n s e s  w e re  m o n i t o r e d  w h i l e  m a n i p u l a t i n g  e i t h e r  
t h e  i n n e r  o r  o u t e r  f l a g e l l u m  w i t h  a p r o b e .  Changes  i n  i m p u l s e  
f r e q u e n c i e s  w e r e  o n ly  s e e n  when t h e  i n n e r  f l a g e l l u m  was moved.  F u r t h e r ­
m ore ,  a b l a t i o n  o f  t h e  i n n e r  f l a g e l l u m  r e s u l t e d  i n  i m m e d i a t e  l o s s  o f  
a l l  mechano-  a n d  c h e m o s e n s o ry  a c t i v i t y  i n  t h i s  b u n d l e ,  w h e r e a s  no 
s u c h  e f f e c t  was o b s e r v e d  f o l l o w i n g  a m p u t a t i o n  o f  t h e  o u t e r  f l a g e l l u m .
H i s t o l o g i c a l  s t u d i e s ,  w hich  a r e  d e s c r i b e d  i n  a n o t h e r  s e c t i o n  o f  
t h i s  t h e s i s ,  v e r i f i e d  t h e  p r e s e n c e  o f  t h r e e  m a j o r  n e r v e  b r a n c h e s  
w i t h i n  t h e  a n t e n n u l e .  Two o f  t h e s e  axon  b u n d l e s  o r i g i n a t e  i n  t h e  
o u t e r  f l a g e l l u m  from n e r v e  c e l l  b o d i e s  h a v i n g  d e n d r i t e s  e x t e n d i n g  t o  
t h e  a e s t h e t a s c s ;  t h e  t h i r d  b r a n c h  a r i s e s  f rom  t h e  i n n e r  f l a g e l l u m .
A s i m i l a r  a r r a n g e m e n t  o f  t h e  a n t e n n u l a r  n e r v e  l ias  b e e n  d e s c r i b e d  f o r  
F a g u ru s  a l a s k e n s i s  (Snow 1 9 7 3 b ) .  I n  t h i s  s p e c i e s  t h r e e  m a j o r  b r a n c h e s  
make up th e  n e r v e ;  one o f  w h ich  c o n t a i n s  s e n s o r y  a x o n s  t h a t  p r i m a r i l y  
a r i s e  f rom  r e c e p t o r s  on t h e  i n n e r  f l a g e l l u m .
T hese  o b s e r v a t i o n s  i n d i c a t e  t h a t  a l l  c h e m o r e c e p t o r  a c t i v i t y  
m o n i t o r e d  i n  t h e  p r e s e n t  s t u d y  was p r o b a b l y  r e c o r d e d  f ro m  t h e  i n n e r  
f l a g e l l u m  o f  t h e  a n t e n n u l e ,  and  n o t  f r o m  t h e  o u t e r  f l a g e l l u m  w h ich
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b e h a v i o r a l l y  b a d  b e e n  d e m o n s t r a t e d  t o  be  t h e  p r i m a r y  s i t e  o f  phcromone 
r e c e p t i o n .  T h u s ,  t h e  d a t a  p r e s e n t e d  h e r e  m us t  be c o n s i d e r e d  w i t h  
t h i s  f a c t  i n  m ind .
Ten d i f f e r e n t  a n t e n n u l e  p r e p a r a t i o n s  p r o v i d e d  u s a b l e  d a t a ;  
e x a m p le s  o f  r e c o r d i n g s  a r e  shown i n  F i g u r e s  6 and  7, I n s p e c t i o n  o f  
t h e  r e s p o n s e  p a t t e r n s  I n d i c a t e d  t h a t  t o t a l  s p i k e  c o u n t  was th e  m o s t  
s u i t a b l e  I n d e x  f o r  c o m p a r i n g  r e a c t i o n s  t o  t h e  d i f f e r e n t  s t i m u l i .
T h u s ,  f o r  e a c h  s t i m u l u s ,  i m p u l s e s  w e re  summed o v e r  t h e  e n t i r e  
r e s p o n s e  d u r a t i o n .  T h es e  su m m a t io n s  w ere  t h e n  n o r m a l i z e d  w i t h i n  eac h  
t e s t  s e r i e s  by c o m p u t in g  a c t i v i t y  r a t i o s  u t i l i z i n g  t h e  i n i t i a l  
p h e r o m o n e - u r i n e  r e s p o n s e  a s  t h e  s t a n d a r d  f o r  c o m p a r i s o n .  The d a t a  
f o r  m u l t i - u n i t  r e c o r d i n g s  a r e  p r e s e n t e d  I n  F i g u r e  8 and  t h o s e  f o r  
s i n g l e  u n i t s  a r e  shown i n  F i g u r e  9 .  P h e r o m o n e - u r i n e  r e s p o n s e s  a t  t h e  
e n d  o f  e a c h  s t i m u l u s  s e r i e s  w e r e  f r e q u e n t l y  c o m p a r a b l e  b u t  n e v e r  e q u a l  
t o  t h e  i n i t i a l  i n t e n s i t i e s ,  a n d  a r e  i n d i c a t e d  f o r  c o m p a r i s o n  i n  m os t  
o f  t h e  s e r i e s  shown i n  t h e s e  f i g u r e s .
A b s o l u t e  s p e c i f i c i t y  t o  a  p a r t i c u l a r  s t i m u l u s  was g e n e r a l l y  n o t  
o b s e r v e d ;  h o w e v e r ,  i n  f o u r  o f  t h e  b u n d l e s  shown i n  b o t h  F i g u r e s  8 and 
9 ,  u r i n e s  d e r i v e d  f rom  f e m a l e s  (b o th  p u b e r t a l  and m a t u r e )  e l i c i t e d  
r e s p o n s e  m a g n i t u d e s  w h ich  w e re  h i g h e r  t h a n  t h e  o t h e r  s t i m u l i .
R e s p o n s e  l a t e n c i e s  i n  a l l  t e s t s  r a n g e d  f ro m  0 , 1  t o  4 , 3  s e c o n d s ,  w h e r e ­
a s  d u r a t i o n s  generally  r a n g e d  from 0 . 8  t o  7 . 6  s e c o n d s  w i t h  a mean o f  
3 . 0  + 1 . 3  s e c o n d s  (+ S . D . ) ,  P r o l o n g e d  r e s p o n s e s  (> 15 -20  s e c )  w e re  
r e c o r d e d  f o r  t h e  amino a c i d  m i x t u r e  i n  t h r e e  d i f f e r e n t  b u n d l e s ,  and  i n  
o n e  o f  t h e s e  r e c o r d i n g s ,  a l l  s t i m u l i  e l i c i t e d  a c t i v i t y  o f  e x t e n d e d  
d u r a t i o n .
A s i n g l e  u n i t  r e c o r d i n g ,  w h ich  i s  r e p r o d u c e d  i n  F i g u r e  10 ,  was
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f i e *  &
A n te n n u l e  c h c t n o r e c o p t o r  r e s p o n s e s  Co v a r i o u s  t e s t  s t i m u l i ;  s t i m u l u s  i n ­
t r o d u c t i o n  i n d i c a t e d  by  t h e  a r r o w ,  !>W=sea w a t e r  c o n t r o l ;  A = p u b e r t a l  
f e m a le  u r i n e ;  Imm ature  f e m a l e  u r i n e ;  O p r e m o l t  male  u r i n e ;  D=attiinu a c i d
m i x t u r e .
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F i g .  7
A n t c n n u l e  c h e m o r u c e p t o r  r e s p o n s e s  t o  v a r i o u s  t e s t  s t i m u l i ;  s t i m u l u s  I n ­
t r o d u c t i o n  i n d i c a t e d  by t h e  a r r o w .  SW=soa w a t e r  e o u L r o l ; A = p u b e r t a l  
f e m a le  u r i n e ;  B=mature  f e m a l e  u r i n e ;  C = p re m o l t  mole  u r i n e ;  D=amino a c i d
m i x t u r e .
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F i g ,  ft
M u l t i - u n i t  c h e m o re c e p to r  r e s p o n s e s  t o  v a r i o u s  t o s t  s t i m u l i .  A c t i v i t y  
r a t i o s  d e t e r m i n e d  f o r  each b u n d le  by n o r m a l i z i n g  t h e  d a t a  t o  t h e  i n i t i a l  
r e s p o n s e  e l i c i t e d  by u r i n e  from p u b e r t a l  f e m a l e s .
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Fifi.  9
S l n g l e ^ u n i t  c h e m o r e c e p t o r  r e s p o n s e s  to  v a r i o u s  t e s t  s t i m u l i ,  A c L iv iL y  
r a t i o s  d e t e r m i n e d  f o r  e a c h  b u n d le  by n o r m a l i z i n g  t b s  d a t a  to  t h e  i n i t i a l  
r e s p o n s e  e l i c i t e d  by u r i n e  from p u b e r t a l  f e m a l e s .
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F i g .  10
A n te n m i l e  c l i e m o r e c e p t o r  r e s p o n s e s  t o  v a r i o u s  Lest, s t i m u l i ;  s t i m u l u s  i n ­
t r o d u c t i o n  i n d i c a t e d  by t h e  a r r o w .  SW=sea w a t e r  c o n t r o l ;  A - p u b u r t a l  
f e m a le  u r i n e ;  R=mature  f e m a l e  u r i n e ;  O p r e m o l t  ma le  u r i n e ;  D=nmino a c i d
m i x I u r o .
T
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t h e  o n l y  r e c o r d  o b t a i n e d  f o r  a f i b e r  w h ic h  a p p e a r e d  t o  show a h i g h  
d e g r e e  o f  s p e c i f i c i t y  t o  t h e  p h e r o m o n e - u r i n e . When t h e  s t i m u l i  w e r e  
s u b s e q u e n t l y  r e t e s t e d ,  h o w e v e r ,  t h e  s p e c i f i c i t y  was  n o t  a s  w e l l  
d e f i n e d .  N e v e r t h e l e s s ,  t h e  p h e r o m o n e - u r i n e  c o n s i s t e n t l y  e f f e c t e d  a 
g r e a t e r  r e s p o n s e  t h a n  d i d  t h e  o t h e r  s t i m u l i .  T a b l e  IX l i s t s  t h e  
r e s p o n s e  c h a r a c t e r i s t i c s  o f  t h i s  u n i t  In  t h e  o r d e r  o f  s t i m u l u s  i n t r o ­
d u c t i o n ,
P herom one  r e c e p t i o n  i n  c r u s t a c e a n s  h a s  b een  e x a m in e d  In  two 
p r e v i o u s  s t u d i e s ,  b o t h  o f  w h ic h  i n v o l v e d  r e c o r d i n g  o v e r a l l  r e c e p t o r  
a c t i v i t y ,  C h r i s t o f f e r s o n  ( 1 9 7 2 )  m o n i t o r e d  e l e c t r i c a l  r e s p o n s e s  
e x t e r n a l l y  f rom t h e  o u t e r  f l a g e l l u m  o f  t h e  a n t e n n u l e  i n  P o r t u n u s  
s a n g u i n o l e n t u s ■ He found  t h a t  c h e m o r e c e p t o r s  o f  m a t u r e  m a le s  a p p e a r  
t o  d i s c r i m i n a t e  u r i n e s  w i t h  a n d  w i t h o u t  t h e  f e m a l e  s e x  phe rom one .
T h i s  c o n c l u s i o n  was  b a s e d  on  a g e n e r a l l y  h i g h e r  l e v e l  o f  e l e c t r i c a l  
a c t i v i t y  (summed o v e r  a  o n e  m i n u t e  p e r i o d )  when p h e r o m o n e - u r i n e  was  
u s e d  a s  a  s t i m u l u s .  In F r o c a m b a r u s  c l a r k i i  Ameyaw-Akumfi and 
H a z l e t t  ( 1 9 7 5 )  u s e d  th e  e l e c t r o a n t e n n o g r a m  t e c h n i q u e  ( S c h n e i d e r  1962)  
f o r  r e c o r d i n g  r e s p o n s e s  o f  t h e  a n t e n n u l e  f o l l o w i n g  e x p o s u r e  t o  w a t e r  
c o n t a i n i n g  e i t h e r  t h e  m a le  o r  f e m a l e  p h e r o m o n e .  B o th  w a t e r  s o u r c e s  
e l i c i t e d  s i m i l a r  d . c ,  p o t e n t i a l  c h a n g e s ,  a n d  f o l l o w i n g  a c i d  h y d r o l y s i s  
o f  t h e  w a t e r ,  n e i t h e r  b e h a v i o r a l  n o r  e l e c t r o p h y s i o l o g i c a l  r e s p o n s e s  
w e r e  s e e n *  N e i t h e r  o f  t h e s e  s t u d i e s ,  h o w e v e r ,  p r o v i d e d  i n f o r m a t i o n  on 
s i n g l e  u n i t  r e a c t i o n s  t o  a ph e ro m o n e  s t i m u l u s .
i n  t h e  p r e s e n t  i n v e s t i g a t i o n  m o s t  o f  t h e  c h e m o s e n s o r y  T i b e r s  
m o n i t o r e d  d i d  n o t  show a h i g h  d e g r e e  o f  s p e c i f i c i t y  t o  t h e  p h e r o m o n e -  
u r i n e ,  b u t  e x h i b i t e d  r a t h e r  v a r i a b l e  s e n s i t i v i t i e s  t o  t h e  s t i m u l i  
t e s t e d .  A l t h o u g h  t h e  s t i m u l i  u s e d  i n  t h i s  s t u d y  w e r e  n o t  p u r e
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TABLE IX
R esponse  c h a r a c t e r i s t i c s  of  an  a n t e n n u l a r  c h e m o r e e e p t n r . S t i m u l i  a r e  
l i s t e d  In t h e  o r d e r  o f  p r e s e n t a t i o n  t o  t h e  a n t e n n u l e  p r e p a r a t i o n
L a t e n c y  D u r a t i o n
S t i m u l u s { s e c o n d s )  ( s e c o n d s )  T o t a l  Im p u l s e s
A 1. 3 5 . 8 86
B no r e s p o n s e
C no r e s p o n s e
D no r e s p o n s e
A 3. i 4 . 9 113
B 1 . 4 3 . 5 45
C 2 . 7 2 . 8 11
D no r e s p o n s e
A 1 .0 7 .5 144
B 4 . 3 3 .6 30
C no r e s p o n s e
A 3 . 6 5 . 8 96
*A -  P u b e r t a l  fem a le  u r i n e ;  B -  M a t u r e  f e m a l e  u r i n e ;  
C -  P r e m o l t  m a le  u r i n e ;  D -  Amino a c i d  m i x t u r e
58
c h e m i c a l s ,  t h e  o v e r l a p p i n g  r e s p o n s e  s p e c t r a  a r e  c h a r a c t e r i s t i c  of  t h e  
" g e n e r a l i s t ”  r e c e p t o r  d e s c r i b e d  f o r  many i n s e c t  s p e c i e s  ( K a i s s l l n g  
1971)  and  e v i n c e d  I n  s e v e r a l  s t u d i e s  w i t h  c r u s t a c e a n s  (Ache 1972; 
L a v e r a c k  1 9 6 4 ;  S h e p h e a r d  1 9 7 4 ) .  The s i n g l e  u n i t  r e c o r d i n g ,  which 
i n i t i a l l y  a p p e a r e d  t o  h a v e  t h e  q u a l i t i e s  o f  a  " s p e c i a l i s t "  r e c e p t o r  
( K a l s s l i n g  1 9 7 1 ) ,  d i d  n o t  m a i n t a i n  i t s  s p e c i f i c i t y  w i t h  f u r t h e r  
t e s t i n g .  N e v e r t h e l e s s ,  t h e  c o n s i s t e n t l y  g r e a t e r  r e s p o n s e s  t o  th e  
p h e r o m o n e - u r i n e  s u g g e s t e d  s e n s i t i v i t y  t o  a c o n s t i t u e n t  p e c u l i a r  to  
t h i s  s t i m u l u s .  To d e t e r m i n e  w h e t h e r  o r  n o t  r e c e p t o r s  such  a s  t h i s  
r e s p o n d  p r i m a r i l y  t o  t h e  pheromone o f  p u b e r t a l  f e m a l e s  w i l l  u l t i m a t e l y  
r e q u i r e  t e s t i n g  w i t h  t h e  p u r i f i e d  a c t i v e  m a t e r i a l .
A l t h o u g h  n o t  s p e c i f i c a l l y  I n v e s t i g a t e d ,  m e c h n n o r e c e p t o r  a c t i v i t y  
was f r e q u e n t l y  e n c o u n t e r e d  i n  t h e  a n t e n n u l c  p r e p a r a t i o n .  T h es e  were 
g e n e r a l l y  u n i t s  w h ich  r e s p o n d e d  t o  c h a n g e s  i n  f l o w  o f  s e a  w a t e r  
t h r o u g h  t h e  s t i m u l u s  a p p a r a t u s .  An exam ple  o f  t h i s  ty p e  o f  a c t i v i t y  
i s  ahown i n  F i g u r e  11,  The s m a l l  a m p l i t u d e  u n i t ( s )  became a c t i v e  when 
s e a  w a t e r  f lo w  was i n c r e a s e d ,  w h e r e a s  a n o t h e r  u n i t  d i s c h a r g e d  when t h e  
f l o w  was  d e c r e a s e d .  At c o n s t a n t  f lo w  v e l o c i t i e s  b o t h  u n i t s  were 
s i l e n t .  A l t h o u g h  p r o p r i o c e p t o r  a c t i v i t y  c a n n o t  be  e x c l u d e d  (Wyse and 
Maynard 1965)  , t h e s e  r e s p o n s e s  a r e  v e r y  s i m i l a r  t o  e x t e r n a l  mechano- 
r e c e p t o r s  d e s c r i b e d  f o r  v a r i o u s  o t h e r  c r u s t a c e a n s  i n  which  b i - d i r c c -  
t l o n a l  s e n s i t i v i t y  h a s  b e e n  c o r r e l a t e d  w i t h  d u a l  i n n e r v a t i o n  (S h e l to n  
and L a v e r a c k  1 9 6 8 ) .  Exam ples  i n c l u d e  t h e  t h o r a c i c  p i t  r e c e p t o r s  o f  
F rocambaruB { M el lo n  1 9 6 3 ) ,  t h e  p i n n a t e  h a i r  o r g a n s  o f  F a n u l l r u s  
( T a z a k i  a n d  O h n l s h i  1 9 7 4 ) ,  and t h e  hy d ro d y n am ic  r e c e p t o r s  o f  F a l i n u r u s  
{V ede l  and C l a r a c  1 9 7 6 ) .  As i n  t h e  h y d ro d y n am ic  r e c e p t o r s ,  d i s c h a r g e  
f r e q u e n c y  o f  t h e  u n i t s  r e c o r d e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a p p e a r s
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Fig-  11
C o n t i n u o u s  r e c o r d i n g  o f  a n t e n m i l u  m e c h a n o r e c e p t o r  r e s p o n s e s  t o  c han f ie s  
in  t h e  f lo w  v e l o c i t y  o f  s e a  w a t e r  t h r o u g h  t h e  s t i m u l u s  c o m p a r t m e n t .
In c r e a s i n g  f low ;  c r e a s i n g  f l o w .
I 
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t o  b e  s e n s i t i v e  t o  t h e  a c c e l e r a t i o n  com ponent  o f  w a t e r  f low* The 
f u n c t i o n  o f  t h e s e  r e c e p t o r s  may be  t o  m o n i t o r  t h e  f l i c k i n g  o f  th e  
a n t e n n u l e ;  an a c t i v i t y  c o n s i d e r e d  t o  be a n a l a g o u s  t o  s n i f f i n g  in  
h i g h e r  v e r t e b r a t e s  (Snow 1 9 7 3 a ,  1 9 7 5 ) ,
A l l  m e c h a n o -  and c h e t n o r e c e p t o r  r e c o r d i n g s  w e r e  made f rom  f i b e r s  
w i t h i n  o n l y  one  o f  t h e  t h r e e  m a j o r  b u n d l e s  c o n s t i t u t i n g  t h e  a n t e u n u l a r  
n e r v e .  I t  i s  n o t  u n d e r s t o o d  why no a c t i v i t y  was e l i c i t e d  i n  t h e  two 
b u n d l e s  o r i g i n a t i n g  i n  t h e  o u t e r  f l a g e l l u m ;  e s p e c i a l l y  s i n c e  th e  
b e h a v i o r a l  e x p e r i m e n t s  h a d  i m p l i c a t e d  t h i s  f l a g e l l u m  a s  t h e  p r i m a r y  
s i t e  f o r  phe rom one  r e c e p t i o n -  F u r t h e r m o r e ,  a m a j o r i t y  o f  t h e  axons  
i n  t h e s e  b u n d l e s  a r e  d e r i v e d  f rom  b i p o l a r  c e l l s  i n n e r v a t i n g  th e  
a e s t h e t a a c s  -  t h e  p r e s u m e d  l o w - t h r e s h o l d  c h e m o r e c e p t o r s  f o r  most 
c r u s t a c e a n s  { G h i r a d e l l a  e t  a l*  1 9 68b ;  L a v e r a c k  1964 ;  L a v e r a c k  and 
A r d l l l  1 9 6 5 ) ,  One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  l a c k  o f  r e s p o n s e  
may be  t h e  s i z e  o f  t h e  f i b e r s ;  t h e  d i a m e t e r s  may b e  so  s m a l l  t h a t  
e l e c t r i c a l  a c t i v i t y  c a n n o t  be r e s o l v e d  a b o v e  b a c k g r o u n d  n o i s e .
P e r h a p s  w i t h  d i f f e r e n t  r e c o r d i n g  a p p r o a c h e s  t h i s  p r o b le m  can  be 
r e s o l v e d -
PART ITI
ANTENNULE h i s t o l o g y  AND EXTERNAL MORPHOLOGY
E l e c t r o p h y s i o l o g i c a l  s t u d i e s  on th e  a n t e n n u l e  o f  C, s a p l d u s  
r e v e a l e d  r e c o r d a b l e  a c t i v i t y  i n  o n l y  one o f  t h e  t h r e e  m a j o r  b u n d l e s  
c o m p r i s i n g  t h e  s n t e n n u l a r  n e r v e .  A b l a t i o n  o f  t h e  i n n e r  f l a g e l l u i n  
r e s u l t e d  i n  a n  i m m e d i a t e  t e r m i n a t i o n  o f  a l l  a c t i v i t y  w i t h i n  t h i s  
b u n d l e  s u g g e s t i n g  t h a t  m o s t  o f  t h e  a f f e r e n t  f i b e r s  o r i g i n a t e d  f rom  
r e c e p t o r s  a s s o c i a t e d  w i t h  t h e  i n n e r  f l a g e l l u m .  H i s t o l o g i c a l  s t u d i e s  
w ere  c o n d u c t e d  t o  e s t a b l i s h  t h e  a n a t o m i c a l  b a s i s  f o r  t h e s e  p h y s i o l o g i c a l  
o b s e r v a t i o n s .
The b e h a v i o r a l  s t u d i e s  o f  C. sap  i d  us d e m o n s t r a t e d  t h a t  t h e  o u t e r  
f l a g e l l u m  o f  t h e  a n t e n n u l e  F u n c t i o n s  i m p o r t a n t l y  In p he rom one  r e c e p t i o n .  
The e x t e r n a l  m o r p h o l o g y  o f  t h i s  f l a g e l l u m  was  t h e r e f o r e  e x a m in e d  u s i n g  
s c a n n i n g  e l e c t r o n  m i c r o s c o p y  (SEM) i n  o r d e r  t o  c h a r a c t e r i z e  i t s  s e n s o r y  
h a i r s  and  o t h e r  a s s o c i a t e d  s t r u c t u r e s .  M o r e o v e r ,  c o m p a r i s o n s  w e r e  made 
b e tw e e n  m a le s  and f e m a l e s  t o  c h a r a c t e r i z e  any  s e x u a l  d i m o r p h i s m .
M a t e r i a l s  a n d  Methods
H i s t o l o g y
A n t e n n u l e s  w e re  a b l a t e d  f rom  f r e s h l y  moLted male c r a b s  a n d  f i x e d  
f o r  h r  a t  4 “C i n  f o r m a l i n  c o n t a i n i n g  0 . 1% a c r o l e i n .  They  w e r e  t h e n  
d e h y d r a t e d  a n d  c l e a r e d  i n  a  " T e c h n l c o n "  b r a n d  a u t o m a t i c  t i s s u e  
p r o c e s s o r  e m p lo y in g  T e c h n i c o n ’ s  d e h y d r a t i o n  a n d  c l e a r i n g  a g e n t s  S -29
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and LTC-670, r e s p e c t i v e l y ,  i n f i l t r a t e d  w i t h  p a r a f f i n  u n d e r  vacuum and 
embedded.  F iv e  m ic ro n  a e r i a l  s e c t i o n s  w e re  s t a i n e d  w i t h  H a r r i s *  
h e m a t o x y l i n  and  c o u n t e r s t a i n e d  w i t h  e o s i n  Y.
E x t e r n a l  Morphology
The t e c h n i q u e  f o r  SEM t i s s u e  p r e p a r a t i o n  was s i m i l a r  t o  t h a t  u s e d  
by Snow ( 1 9 7 4 ) .  A n t e n n u l e s  w e re  a b l a t e d  from m a t u r e  m a le  and f e m a le  
c r a b s  and f i x e d  f o r  two h o u r s  i n  2% osmium t e t r o x i d e  b u f f e r e d  w i t h  0 , 1  M 
sodium c a c o d y l a t e  (pH 7 . 2 ) .  They were  s u b s e q u e n t l y  w ashed  i n  d i s t i l l e d ,  
w a te r  and  d e h y d r a t e d  th r o u g h  a n  e t h a n o l  s e r i e s  w h ich  was  f o l l o w e d  by 
an e t h a n o l - a m y l  a c e t a t e  s e r i e s  t o  100% amyl  a c e t a t e .  H ie  s p e c i m e n s  
were t h e n  f r o z e n  i n  l i q u i d  n i t r o g e n  and  d r i e d  o v e r n i g h t  u n d e r  vacuum. 
A f t e r  m o u n t in g  th e  a n t e n n u l e s  on s t u b s  t h e y  w ere  g o l d  p l a t e d  and 
examined w i t h  an AMR model  1000  s c a n n i n g  e l e c t r o n  m i c r o s c o p e .  For 
c o m p a r a t i v e  p u r p o s e s  f r e s h  m a t e r i a l  was a l s o  s t u d i e d  u s i n g  l i g h t  
m i c r o s c o p y .
R e s u l t s  a n d  D i s c u s s i o n  
H i s t o l o g y
O h t a i n i n g  s u i t a b l e  s e c t i o n s  of  t h e  a n t e n n u l e  was d i f f i c u l t  due t o  
t h e  l e a t h e r y  q u a l i t i e s  o f  t h e  e x o s k e l e t o n ’ s c h l t l n o u s  s u b s t r a t e ,  
n e v e r t h e l e s s ,  by i n s p e c t i o n  o f  s e v e r a l  p r e p a r a t i o n s  a g e n e r a l  p i c t u r e  
o f  t h e  anatomy c o u l d  be d i s c e r n e d .
E x a m in a t io n  o f  t h e  s e r i a l  s e c t i o n s  w i t h i n  t h e  d i s t a l  seg m en t  of  
th e  a n t e n n u l e  revealed t h e  p r e s e n c e  o f  t h r e e  s e p a r a t e  axon b u n d l e s  
(F ig ,  1 2 ) .  Two b u n d l e s  (QFA) a r e  p r i m a r i l y  d e r i v e d  f rom  n e u r o n s  
i n n e r v a t i n g  t h e  a e s t h e c a s e s ,  w hereas  t h e  t h i r d  b u n d l e  ( IFA) o r i g i n a t e s
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F i g -  12
T r a n s v e r s e  s e c t i o n  p r o x i m a l  t o  L h e  f l a g e l l a r  b i f u r c a t i o n  o f  t h e  d i s t a l  
■mLennu]ar  s o g m e n L ,  U FA=oute r  f l a g e l l u m  a x o n s ;  lF A = in r te r  f l a g e l l u m
a x o n s .  190X.
F i g .  13
T m n s v e r B e  s e c t i o n  a t  t h e  b i f u r c a t i o n  o f  t h e  d i s t a l  an t  e n n u i  a r  s e g m e n t .  
OFA=outer  f l a g e l l u m  a x o n s ;  I F A = in n e r  f l a g e l l u m  a x o n s .  195X.
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f ro m  w i t h i n  t h e  I n n e r  f l a g e l l u m .  The e m e r g e n c e  o f  t h e  XFa b u n d l e  f ro m  
t h e  i n n e r  f l a g e l l u m  c a n  b e  s e e n  w h e r e  t h e  d i s t a l  a n t e n n u l a r  s e g m e n t  
b i f u r c a t e s  t o  form t h e  two f l a g e l l a  ( F i g s .  13 ,  14A and  B) , T h i s  
s t r u c t u r a l  a r r a n g e m e n t  s u p p o r t s  t h e  p h y s i o l o g i c a l  e v i d e n c e  w h ic h  
i n d i c a t e d  t h a t  one o f  t h e  t h r e e  m a j o r  b r a n d i e s  o f  t h e  a n t e n n u l a r  n e r v e  
i s  d e r i v e d  from r e c e p t o r s  a s s o c i a t e d  w i t h  t h e  i n n e r  f l a g e l l u m .
In  F i g u r e  15 two g r o u p s  o f  n e r v e  c e l l  b o d i e s T w h i c h  a r e  l o c a t e d  
w i t h i n  t h e  o u t e r  f l a g e l l u m ,  can  b e  s e e n  c o n t r i b u t i n g  a x o n s  t o  o n e  o f  
t h e  OFA b u n d l e s .  T h i s  s p i n d l e - s h a p e d  c l u s t e r i n g  o f  t h e  s e n s o r y  n e u r o n s  
a s  w e l l  a s  t h e  g r o u p i n g  o f  t h e i r  d e n d r i t i c  e x t e n s i o n s  t o  t h e  a e s t h e t a s c s  
( F i g s ,  1 6 - 1 8 )  i s  a  c h a r a c t e r i s t i c  f e a t u r e  o f  a e s t h e t a s c  i n n e r v a t i o n  i n  
many c r u s t a c e a n  s p e c i e s  ( G h i r a d e l l a  e t  a h  1968a ,  1 9 6 8 b ;  L a v e r o c k  a n d  
A r d i l l  1 9 6 5 ) .
E x t e r n a l  M orpho logy
The d a t a  on t h e  e x t e r n a l  m o rp h o lo g y  a r e  d e r i v e d  f r o m  m e a s u r e m e n t s  
made on t h e  a n t e n n u l e s  o f  t h r e e  m a t u r e  m a le  and  t h r e e  m a t u r e  f e m a l e  
a n i m a l s  ( c a r a p a c e  s h o r t - w i d t h :  9 6 - 1 0 9  mm). No s e x u a l  d i m o r p h i s m  was 
a p p a r e n t  i n  t h i s  s t u d y .
The o u t e r  f l a g e l l u m  i s  c h a r a c t e r i s e d  by  a s e r i e s  o f  s e g m e n t s  
{ F i g .  19 )  which  I m p a r t  f l e x i b i l i t y  t o  i t ,  and  t h u s  f a c i l i t a t e  t h e  
s p l a y i n g  o f  t h e  a e s t h e t a s c  s e t a e  d u r i n g  t h e  f l i c k i n g  a c t i o n s  o f  t h e  
a n t e n n u l e  (Snow 1 9 7 3 n ) .  A r e l a t i v e l y  l a r g e  b a B a l  s e g m e n t  ( 3 0 0 - 5 0 0  pm 
i n  l e n g t h )  c o n s t i t u t e s  t h e  m o s t  p r o x i m a l  p o r t i o n  o f  t h e  f l a g e l l u m ,  and  
l a c k s  s e t a e .  D i s t a l  t o  t h e  b a s a l  s e g m e n t  a r e  29 t o  33 s h o r t  s e g m e n t s ;  
t h e s e  a r e  a p p r o x i m a t e l y  40  pm i n  l e n g t h  a n d  c o n t a i n  t h e  a e s t h e t a s c s .
One o r  two o f  t h e  m o s t  d i s t a l  s h o r t  s e g m e n t s  a r e  o f  i n t e r m e d i a t e
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Fig* 14A
T r a n s v e r s e  s e c t i o n  a t  t h e  b i f u r c a t i o n  o f  t h e  d i s t a l  
OFA=oute r  f l a g e l l u m  a x o n s ;  lF A = i n n u r  f l a g e l l u i n
F i g .  U B
O b l i q u e  t r a n s v e r s e  s e c t i o n  of  t h e  i n n e r  f l a g e l l u m *
a x o n s .  760X,
a n t e n n u l a r  s e g m e n t ,  
a x o n s .  L90X.
J F A ^ in n e r  f l a g e l l u m
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F ig .  15
S a g i t L a l  s e c t i o n  o f  t h e  o u t e r  f l a g c l l u m  s h o w i n g  t h e  c e l l  b o d i e s  o f  
n e u r o n s  ( N O ’ l i )  w h i c h  i n n e r v a t e  a n  a e s t h e t a s c  s e t a .  S a m e  c e l l  b o d y  g r o u p  
c a n  b e  s e e n  c o n t r i b u t i n g  a x o n s  t o  o n e  o f  t h e  o u t e r  f l a g e l l u t n  a x o n  b u n -
d i e s  (OFA). 1100X,
F ig ,  16
O b l iq u e  s a g i t t a l  s e c t i o n  o f  t h e  o u t e r  f l a g e l l u m  show ing  d e n d r i t i c  bundles 
(D) e x t e n d i n g  f rom  g roups  o f  n e r v e  c e l l  b o d i e s  fNCIi). 7^0X,
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F i s *  17
O b l i q u e  t r a n s v e r s e '  s e c t i o n  o f  t h e  o u t e r  f l a g c l l u m  showing d e n d r i t i c  
b u n d l e s  (D) e x t e n d i n g  t o  a e s t h e t a s c  s e t a e  (A) .  840X.
F i g .  18
T r a n s v e r s e  s e c t i o n  o f  t h e  o u t e r  f l a g e l l u m  sh o w in g  d e n d r i t e s  CP) w i t h i n  
t h e  lumen  o f  an  a e s t h e t a s c  s eL a  (A).  91OX.
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F i g ,  19
M e s i a l  v iew  o f  t h e  f l a g e l l a  t h e  r i g h t  a n t e n n u l e ,  Note p r o m i n e n t  
t u f t  o f  a c s t h c t a & c  s e t a e  on o u t e r  f l a g o l l u m .  2flX.
Fig* 20
A c s t h e t a s c  s e t a e  a r i s i n g  f ro tn  g r o o v e s  on t h e  v e n t r a l  s u r f a c e s  o f  t h e  
s h o r t  s e g m e n t s .  Mote  p i t - l i k e  s t r u c t u r e  i n d i c a t e d  by a r r o w h e a d ,  1440X.
F i g .  21
T i p  m o rp h o lo g y  o f  t h e  a e s t h e t a s c  s e t a e ,  1440X,
F i g .  22
L a t e r a l  v i e w  o f  t h e  a e s t h e t a s c  s e t a e . 1360X.
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l e n g t h  ( 6 0 -8 0  urn); b e i n g  t r a n s i t i o n a l  b e t w e e n  t h e  o t h e r  s h o r t  s e g m e n t s  
a n d  the t h r e e  t o  f o u r  l o n g  n a r r o w  s e g m e n t s  (8Q-320  vim I n  l e n g t h )  a t  
t h e  t i p  o f  t h e  f l a g e l l u m .
The a e & t h e t a s c s  a r e  t h e  most  c o n s p i c u o u s  s c t a l  s t r u c t u r e s  on 
t h e  o u t e r  f l a g e l l u m ,  and a r i s e  f rom g r o o v e s  on t h e  v e n t r a l  s u r f a c e  of  
t h e  s h o r t  s egm ents  ( F i g .  Z0) .  The l o w e r  p o r t i o n s  o f  t h e s e  s e t a e  a r e  
c h a r a c t e r i z e d  by p e r i o d i c  b u l g e s  w i t h  a  p r o m i n e n t  n o d e  a t  t h e  b a s e  
( F i g s .  20,  2 5 ) .  The a e s t h e t a s c s  m e a s u r e  350-1000  urn i n  l e n g t h .
D i a m e t e r s  r ange  f ro m  5 to  10 pm, and  g r a d u a l l y  t a p e r  t o  one m i c r o n  
t i p s  o f  v a r i a b l e  m o rp h o l o g y  w h ich  do  n o t  a p p e a r  t o  h a v e  p o r e s  { F ig .  21) . 
A n n u l a t i o n s  a r e  p r e s e n t  a l o n g  most  o f  t h e  l e n g t h  o f  e a c h  a e s t h e t a s c ,  
a n d  a r e  a p p r o x i m a t e l y  18 t o  30 urn a p a r t  ( F i g .  2 2 ) .  The t o t a l  number  o f
a e s t h e t a s c s  i s  on t h e  o r d e r  o f  500 p e r  o u t e r  f l a g e l l u m .
The l o n g  n a r r o w  segm en ts  a t  t h e  t i p  o f  t h e  o u t e r  f l a g e l l u m  do n o t  
h a v e  a e s t h e t a s c s  a s s o c i a t e d  w i t h  them ( F i g .  2 3 ) ,  b u t  do  h ave  s h o r t  
s e t a e  ( 1 5 -8 0  jim) l o c a t e d  v e n t r a l l y  ( F i g .  2 4 ) .  With  l i g h t  m i c r o s c o p y  
a  s i n g l e  a n n u l a t i o n  can  be d i s c e r n e d  a t  t h e  m i d p o i n t  o f  e a c h  s e t a .
The t e r m i n a l  segment o f  t h e  o u t e r  f l a g e l l u m  ( F i g .  24) i s  t h e  l o n g e s t ,  
a n d  h a s  t h r e e  e l o n g a t e d  s e t a e  ( 8 0 0 - 9 0 0  ptn) e x t e n d i n g  f ro m  i t s  d i s t a l  
e n d  ( F i g .  2 3 ) ,  Each  o f  t h e s e  s e t a e  a l s o  h a s  a  s i n g l e  m i d p o i n t  
a n n u l a t i o n ,
A s i n g l e  d o r s a l  s e t a  i s  g e n e r a l l y  p r e s e n t  o n  a l l  b u t  t h e  m o s t
p r o x i m a l  o f  the s h o r t  s eg m en ts  and a l l  b u t  t h e  m o s t  d i s t a l  o f  t h e  l o n g
n a r r o w  segm en ts  ( F i g s .  25,  2 6 ) ;  t h e s e  s e t a e  r a n g e  f r o m  8 to  13 urn i n  
l e n g t h ,  and  a r e  s i t u a t e d  i n  d e p r e s s i o n s  a t  t h e  d i s t a l  b o r d e r  o f  e a c h  
s e g m e n t ,
The g e n e r a l  m o rp h o lo g y  o f  t h e  o u t e r  f l a g e l l u m  i n  s q p i d u s  i s
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F ig .  2 3
V e n t r a l  v iew  of t h e  a n t e n n u l c .  T e r m i n a l  s e g m e n t  o f  t h e  o u t e r  
i n d i c a t e d  by a r ro w h e a d *  36X.
F i g . 2b
T e r m i n a l  s egm en t  o f  t h e  o u L e r  f l a g e l l u m ,  360K.
Fig* 25
M e s ia l  v ie w  o f  t h e  o u t e r  f l a g e l l u m .  D o r s a l  s e t a  i n d i c a t e d  hy
3 0 0 X ,
F i g .  26
D o r s a l  s e t a  a r i s i n g  from t h e  d i s t a l  edge  o f  a  s h o r t  s e g m e n t .
f l a g e l l u m
a r r o w h e a d .
6 D 0 0 X .
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co m p a ra b le  t o  t h a t  d e s c r i b e d  f o r  t h e  h e r m i t  c r a b ,  F a s u r u a  a l a s k e n s l s  
(Snow 1 9 7 4 ) .  Tliere a r e  some n o t a b l e  e x c e p t i o n s  h o w e v e r .  ' ’A c c e s s o r y 11 
s e t a e  i n  IP* a i a a k e n s L s  a r e  l o c a t e d  a d j a c e n t  t o  some o f  Che rows o f  
a e s t h e t a s c s .  I n  a d d i t i o n ,  s i n g l e  rows o f  s e t a e  a r e  f o u n d  on t h e  
l a t e r a l  and  m e s i a l  s i d e s  o f  the o u t e r  f l a g e l l u m  on b o t h  t h e  s h o r t  and 
l o n g  t h i n  s e g m e n t s  {Snow 1974) ,  No s e t a e  c o r r e s p o n d i n g  t o  a n y  o f  t h e  
above  a r e  p r e s e n t  i n  C. s a p l d i i s ■ F u r t h e r m o r e ,  no " p i t "  o r  " p o r e "  
s u r f a c e  s t r v i c t u r e s  a s  d e s c r i b e d  by Snow (1974)  were  found  on t h e  b l u e  
c r a b  a n t e n n u l e ,  The " p i t s "  of  F. a l a s k e n s i s  a r e  w e l l  d i s t r i b u t e d  o v e r  
t h e  e x o s k e l e t o n  o f  b o t h  t h e  i n n e r  a n d  o u t e r  f l a g e l l a ;  e a c h  a p p e a r s  
as a  d o m e -s h a p e d  d e p r e s s i o n  w i th  a  s m a l l  h o l e  0 . 1 - 0 . 2  gm i n  d i a m e t e r  
a t  t h e  b o t t o m .  The " p o r e s ” a r e  ] - 3  gm i n  d i a m e t e r  and  a l w a y s  c o n t a i n  
an amorphous  p r o c e s s ;  p o s s i b l y  a s e c r e t i o n  o r  c e l l u l a r  e l e m e n t .  The 
o n ly  s t r u c t u r e s  i n  C. s a p i d u s  which may c o r r e s p o n d  t o  t h e  " p i t s "  o f  
P_. a l a s k e n s i s  a r e  l o c a t e d  p r o x im a l  t o  t h e  rows o f  a e e t l i e t a s c s  on t h e  
s h o r t  s e g m e n t s  ( F i g ,  2 0 ) .  Snow (1974) c o n s i d e r s  t h e  " p i t s "  t o  p o s s i b l y  
be  o p e n i n g s  o f  t h e  t e g u m e n t a l  g la nd  d u c t s  ( D e n n e l  1 9 6 1 ) .
A u t o r a d i o g r a p h i c  e x p e r i m e n t s  o f  Dahl  e t  a l . (1970)  i m p l i c a t e d  
t h e  c a l c e o l i  on  t h e  m a l e  a n t e n n a e  a s  t h e  s i t e s  o f  pherom one  r e c e p t i o n  
in  Gamroarus d u e b e n i . The  c a l c e o l i  a r e  found  o n ly  i n  t h e  maleB o f  t h i s  
s p e c i e s .  I n  £ ,  s a p i d u s  no  such  s t r u c t u r e s  w e re  s e e n  n o r  was  any  o t h e r  
s e x u a l  d i m o r p h i s m  a p p a r e n t  f o r  e i t h e r  f l a g e l l u m  o f  t h e  a n t e n n u l e .
G iven  t h e  p r e s e n t  u n d e r s t a n d i n g  o f  t h e  r o l e  o f  t h e  a e s t h e t a s c s  
a s  th e  l o w - t h r e s h o l d  e h e m o r e c e p t o r s  i n  many c r u s t a c e a n s  ( G h i r a d e l l a  
e t  a l .  1 9 68b ;  L a v e r a c k  a n d  A r d i l l  19 6 5 ;  Shephenrd 19 74), i t  i s  p r o b a b l e  
t h a t  t h e s e  s e t a e  f u n c t i o n  i n  t r a n s d u c i n g  pheromone I n f o r m a t i o n  i n  
C. s a p i d u s . The f a c t  t h a t  few o c h e r  s e n s o r y  s t r u c t u r e s  a r e  p r e s e n t
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on t h e  o u t e r  f l a g e l l u m  s h o u l d  f a c i l i t a t e  d e s i g n i n g  d e f i n i t f v e  
e x p e r i m e n t s  t o  t e s t  t h i s  h y p o t h e s i s .  I f  t h i s  s u p p o s i t i o n  i s  c o r r e c t ,  
a f u r t h e r  q u e s t i o n  i s  w h e t h e r  r e c e p t i o n  o f  t h e  pheromone o c c u r s  v i a  
s p e c i f i c  r e c e p t o r  s i t e s  o r  w h e t h e r  a " g e n e r a l i s t "  r e c e p t o r  r e g im e  
f u n c t i o n s  i n  d i s c e r n i n g  t h e  c h e m ic a l  m essage*  A n o t h e r  r e l a t e d  q u e s t i o n  
i s  How pheromone p e r c e p t i o n  i s  m e d ia t e d  i n  t e r m s  o f  p e r i p h e r a l  and 
c e n t r a l  o r g a n i z a t i o n  and  p r o c e s s i n g  o f  t h e  c h e m i c a l  s t i m u l u s *  For 
e x a m p le ,  i s  p e r i p h e r a l  pheromone r e c e p t i o n  l i m i t e d  t o  t h e  m a t u r e  male? 
T hese  q u e s t i o n s ,  how eve r ,  must  aw a i t  e l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s  
w h ich  a l l o w  r e c o r d i n g  from t h e  presumed pheromone r e c e p t o r s .
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